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ABSTRACT

C onstructing  Teaching Practices A round  Novel Technologies:

A  Case Study of T hree Universities 

Julie L ynn  Baher

This d isserta tion  presents three cases of professors im plem enting a  new  

technology -  the CyclePad articulate v irtu a l laboratory  -  in  their classroom s. 

The professors' teaching practice is exam ined based  on  a m odel of change 

derived  from  C uban 's  (1999) study  of departm en ta l change a t Stanford. The 

analysis com pares the  d e p th  of pedagogical change w ith  the  bread th  of 

curricu lar change. Pedagogical change ru n s from  m inor changes to m ajor o r 

radical transform ations of teaching in  a  dom ain. Breadth of change is the 

degree to w hich the changes and  m odifications a re  m ade to  the curricu lum — 

from  narrow  (alterations to  one curricu lar unit) to  broad (restructuring a n  

entire  course o r sequence of courses). A dditionally , this s tu d y  exam ines 

contextual effects across three d ifferent types of institutions: a private research 

university , a  m ilitary academ y an d  a public  sta te  university . To situate the  

cases in the larger context of engineering  education , a  survey of 107 

engineering professors w as conducted.

The curricu lum  th a t professors developed  for CyclePad arose from  

their pedagogical con ten t know ledge — know ledge of the subject area,
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know ledge of curricular and  instructional practices an d  an  understand ing  of 

th e ir students. D raw ing on  this, professors created problem s and activities 

th a t w ere tailored to  the  specific needs of their classroom s. Yet, this w as o ften  

shaped  by  departm ental dem ands to  standard ize  curricula in  m ultiple-section 

courses. The degree to  w hich technology becomes a  p a rt of curriculum  

depends on  several factors such as th e  tim e and  effort required  to m ake 

significant pedagogical im provem ent and  the degree to  w hich the other 

com m unity  m em bers su p p o rt radical cxuricula o r pedagogical reform. As 

found  in  the surveys, schools and  departm ents are  m ore likely to encourage 

the  use of technology than  to offer release tim e from  teaching to develop new  

curriculum .

In exam ining instructors' teaching practices, it seem s that the role of 

context has been under-em phasized  in  m odels of pedagogical content 

know ledge an d  in  studies of engineering education. This dissertation posits a 

m odel for engineering education context th a t includes: subject m atter, 

s tuden ts, colleges, university, em ployers, professional contexts, and  

institu tional environm ent. These nested  environm ents are  the spaces w hich  

professors negotiate in  defining classroom  practices.
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CHAPTER 1

INTRODUCTION

The process of engineering  education  shou ld  change to use m ore 

effective pedagogical approaches a n d  to  engage students m ore 

effectively in  the educational enterprise. E m erging technologies, 

including m ulti-m edia, com puter-based  sim ulation  and  com puter- 

a ided  engineering, can  be im p o rtan t com ponents in  the educational 

process . . . "  (NSF W orkshop on  E ngineering Education, 1995, p.

12)

Introduction

M any studies of h igher education  h igh ligh t the  n eed  to embrace new  

pedagogical styles (Boyer Com m ission, 1995; N ational Research Council, 1996; 

N ational Science Foundation, 1996). As show n  in  the  opening quotation, som e 

groups and  organizations see new  technologies as a  m eans of revitalizing 

traditional approaches to  h igher education  a n d  therefore push  colleges a n d  

universities to adop t them . W hile som e of these program s offer the p rom ise of
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universities to  ad o p t them . W hile som e o f these program s offer the prom ise of 

im proved  teaching  and learning, prev ious research  has found technology, 

tim e after tim e, to be a failure in  creating m eaningfu l change in educational 

practices (Cohen, 1988; Cuban, 1996).

Few  stud ies in h igher education  have  exam ined how  universities an d  

professors respond  to innovations in  technology o r policy. Evans (1970) took  a 

psychological approach to studying  resistance to  the innovation of 

instructional television a t universities. A lm ost forty  years later, w e can see 

tha t IT failed to  take hold. M ore recently, L arry  C uban 's w ork has show n th a t 

educational institutions, both  K-12 an d  college-level, appear to be resistan t to  

change an d  th a t m ost interventions becom e passing  fancies. M uch of C ub an 's  

w ork  has taken  a historic approach to  analyze attem pts a t reform  in education. 

In C uban 's (1999) latest book, H ow  scholars tru m p ed  teachers: C hange 

w ithou t refo rm  in  university curriculum , teaching, and  research, 1890-1990, he 

presents a  m odel for understanding  h ow  educational policies aim ed a t 

creating m eaningful change can end  u p  h av ing  little im pact on the university .
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If the cu rren t buzzw ords in technology —"distance education" 

"sim ulations" and  "virtual reality" — are to be m ore than  educational fads, 

Cuban argues th a t w e need a  better understand ing  of the complex 

environm ent w here  these technologies will be used . To do  this, we need to 

build bridges betw een the technology developers, educators and  policy 

m akers in  o rd er to  understand  h ow  to use technology as part of educational 

reforms (Cuban, 1996; Menges & Austin, in press). For Cuban, this m eans 

m oving ou r focus from  blam ing failures on those w ho im plem ent the 

technology to  developing a greater understand ing  of the context in w hich 

teachers w ork. H e  writes:

Suppose w e refram e the problem  and shift the  center of gravity 

from  blam ing  teachers to understand ing  how  their workplace, their 

efforts to cope w ith  conflicting goals and  their notions of efficiency 

m ake g rea ter dem ands on their time. For techno-reform ers to 

generate genuine solutions, they  will need to  give far m ore 

atten tion  to describing the places w here com puter-assisted learning 

has w orked  -  to conditions u n d e r w hich a h a rd y  band of
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p ioneering  teachers and  en tire  schools have learned to use 

inform ation technologies im aginatively, (p. 3)

As m entioned earlier, Cuban (1999) se t fo rth  to u nderstand  the 

env ironm ent of university  education  in  h is s tu d y  of Stanford. W hile h is w ork  

exam ines policies an d  their im plem entations a t  the  departm ental level, the  

w ork  p resen ted  in  this d issertation exam ines technology im plem entation a t  

the classroom  level. M y intent, like C uban 's, is to  better understand  the  w ork  

env ironm ent of professors, how  they  negotiate  the ir environm ent an d  how  

their w ork  practices vary  from  their desired  practice.

Problem Statement

In  h igher education, the college lecture is the  least changed aspect of 

teaching, having been the  dom inan t pedagogical style for over a  cen tu ry  

(Cohen, 1988; C uban, 1999). W hile som e professors have begun to em brace 

o ther pedagogical techniques, little a tten tion  has been  paid  to exam ining 

actual classroom  practices beyond self-reports of teachers (Bourne, et. al., 

1995). Som e studies of higher education  teaching  take an  evaluative a pp roach
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(e.g., those based  on  studen t surveys) o r a  prescriptive perspective (e.g., 

C hickering 's (1991) Seven H abits of Effective teachers). E hrm ann (1999), o f the 

Flashlight technology evaluation  project, claim s, "few  institutions a re  a sk ing  

w he ther technology fosters change in  teaching  because those practices a re  

seen as province of individuals a n d  iso lated  courses..." (p. 28).

The v iew  that professors have  dom inion  over their classroom s has 

perhaps created  reluctance on  the  p a rt  of researchers to  exam ine teaching  

practices. This m ay be fu rther com plicated by  a  general avoidance by  the  

academ e to reflect inw ard. C uban  w rites ab o u t the political reasons for 

professors' avoidance of this topic:

C onsider the organizational conflict th a t w ould arise from  

m andating  tha t professors use  m ore technology in  their instruction 

o r from  elevating teaching to  equal s ta tu s  as a  criterion for gain ing  

tenure . Such open conflict th reatens organizational stability. Hence, 

faculties search for w ays of avo id ing  destructive in tram ural battles.

O ne w ay  to do  that is to d ivorce content from  pedagogy. The
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dom inan t belief is tha t what is tau g h t is far m ore im portan t than  

how it is taught. (Cuban, 1999, p. 88)

H ow ever, recently, som e researchers (e.g., Irby, Hillocks, an d  Lenze) 

have begun  to look m ore closely a t  un iversity  teaching by reun iting  con ten t 

w ith  pedagogy. In  doing  so, they are  m ore in terested  in how  a subject m atter 

is taugh t than  in  argu ing  abou t w h a t is tau g h t an d  w hat should  be taught. Lee 

Shulm an, w ho leads this effort a t the  Carnegie Foundation for the 

A dvancem ent of Teaching, has launched p rogram s to help develop discipline- 

specific understandings of university  teaching practices. He writes:

W e intend to set o u t a  long-term  p lan  for system atic studies of the 

pedagogies of the professions, bo th  for their ow n sakes and  for the 

ligh t that s tudy ing  the variety  of w ays in  w hich professionals teach 

an d  learn m ight cast o n  underg raduate  liberal education in  general.

From  public service to internships, from  case m ethods to 

collaborative g roup  w ork, professional education  actively confronts
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m any of the  m ost contem porary challenges of creating "pedagogies 

of engagem en t."1

Thus, w hile the w ork  presented in  this d issertation  focuses on 

engineering education, I believe that the  ideas presen ted  are of relevance to  

h igher education  as a  whole. W hile m uch  research has focused on m edical 

education and  its use of problem -based learning, engineering education is also 

undergoing  a sim ilar process of change tow ards m ore engaging pedagogies. 

U nfortunately, few er educational researchers w ork  in  the field of engineering 

education. This d issertation will add  to  the grow ing  body of know ledge abou t 

college-level teaching, as well as, explore a  field -  engineering -  w here there is 

only a sm all corpus of educational research.

Purpose of Study

The purpose of this study  is to exam ine h o w  instructors respond to new  

educational innovations. Specifically, I am  in terested  in how  professors

1 From: http://www.camegiefoundation.org/message.html
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negotiate teach ing  w ith  a  new  technology w ith in  the  context of their 

university  environm ent. W hat w ou ld  they  like to do, ideally, w ith  the  

technology? A re they  able to achieve this? In negotiating  their environm ent, 

w hat com prom ises do  they m ake in  their teaching  practice?

This s tu d y  takes a  longitudinal an d  a  cross-institutional perspective to 

develop case stud ies of three professors in tegrating  a new  software p rog ram  

into their classes. By follow ing professors for several years, I am  able to  see 

how  their teach ing  practice evolved an d  w h a t progress, if any, the professors 

m ade tow ards their m odels of ideal technology usage. Furtherm ore, th e  cross- 

institu tional perspective allows me to  com pare their efforts in  several d ifferent 

university  contexts.

Framework

The fram ew ork  gu id ing  this research is based  C uban 's  (1999) fram ew ork  

of organizational a n d  institutional change. As described below, I have 

m odified C u b an 's  m odel to look specifically a t classroom -level teaching and
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exam ine teacher's ideal im plem entation  of technology versus their actual 

teaching practice.

C uban  has spen t m any years exam ining  the stability  of educational 

practices in  the w ake of new  technologies an d  reform  initiatives (e.g., C uban, 

(1992), (1996), (1999)). In his m ost recen t w ork , (Cuban, 1999), he exam ined the 

history of reform s in  tw o Stanford U niversity  departm en ts -  m edicine a n d  

history. In  do ing  so, he  developed a n  analytic fram ew ork  that w ould account 

for the stability  he found  in  educational practices over tim e as well as th e  areas 

in  he found  progress had  been  m ade.

P art of the  challenge in  developing  this fram ew ork, for Cuban, w as to  

explain how  small reform s som etim es led  to fundam ental and  broad-based 

change w hile som e large reform  projects only  h ad  a  m odest im pact in a  sm all 

arena. C uban  developed a  m odel w ith  four d im ensions: depth, breadth , level 

an d  tim e w hich, w hen  exam ined together, he  felt, cou ld  account for in tended  

reform s of vary ing  scope and  the differences in  the  outcom es of their
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im plem entation. Using this fram ew ork, he  com pared  enacted reform s w ith  

their in tended  agenda. This m odel is described in  m ore detail below.

"D epth" an d  "breadth" m easure the m agn itude  of change. D epth is the 

"degree to w hich  designers of innovation seek to m ake minor, m odest, m ajor 

changes or transform ations of key structures, cultures, and  processes ..."  

(Cuban, 1999, p. 62). The degree of the d ep th  runs from  incremental to 

fundam ental. Increm ental change assum es " th a t the basic structures a re  sound  

b u t need  im proving to  rem ove defects th a t h inder effectiveness a nd  efficiency 

(Cuban, 1999, p. 63)." Fundam ental changes "aim  to a lter drastically the core 

beliefs, behaviors and  structures of the  university  (Cuban, 1999, p. 64)." 

B readth of change runs from  "narrow ," change in one or two structures or 

processes, to  "broad," change in  a  system ic fashion. Figure 1 show s the 

interaction betw een d ep th  and  b read th  and  the  resulting four types of 

reform s.
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Figure 1. C uban 's m odel of change

DEPTH
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BREADTH

NARROW

Narrow, Broad,
Incremental Incremental

1 2

Narrow, Broad,
Fundamental Fundamental

3 4

BREADTH

BROAD

DEPTH

FUNDAMENTAL

To illustrate the application of this fram ew ork, C uban cites the exam ple of 

City U niversity of N ew  York's (CUNY) change in  adm ission  policy in 1970 to 

open adm issions. W hat began as a  narrow , fundam ental change (quadran t 3)
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years la ter resu lted  in  broad  changes (q u ad ran t 4) to instruction an d  

cu rricu lum  as professors and  adm in istrato rs tried  to cope w ith  the  decline in 

academ ic quality  of the students. In term s of C uban 's  m odel, CUNY started  in 

q u a d ra n t th ree  an d  ended  up  in q u ad ran t four.

As a n  exam ple of a  narrow , increm ental change, C uban  cites the  reduction  

in faculty  teaching  load from  5-6 courses to  fo u r courses in  the 1960s (Cuban, 

1999, p. 67). Increm ental changes are  in tended  to  im prove upon  a n  existing 

system , ra th e r th an  alter its fundam ental prem ise. This exam ple is n arrow  in 

its b rea d th  (affecting only  one organizational structure), increm ental in  its 

dep th  a n d  therefore w ould  be rep resen ted  in  q u a d ra n t 1. S tanding  in  contract 

to th is is the  failed reform  attem pt of SUNY Buffalo to  transform  itself into the 

"Berkeley of the  East" (Cuban, 1999, p. 66). A  reform  w ith  a  scope such  as that, 

seeks to  m ake fundam ental changes across m any  of the universities operating  

procedures. Thus, C uban  classifies it  as being o f b road  bread th  and  

fundam enta l in  d e p th  (quadran t 4). If a  un iversity  w ere only m aking 

curricu lum  changes this w ould be classified as b road  change w ith  an  

increm ental d ep th  (not changing the un iversity  fundam entally). C uban  places
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exam ples of S tanfo rd 's curricu lum  changes in  1920,1956,1968 an d  1994 in  

quadran t 2(Cuban, 1999, p. 67).

To look a t the  outcom es of p roposed  an d  adop ted  changes, such as in  the  

CUNY exam ple, C uban  adds elem ents of tim e and  level. Level describes the 

locus of analysis in  the  educational organization. For example, it m ay  be an  

individual professor, classroom , departm en t o r university. C uban explains 

how  each level of the  organization w ould  need  to  be accounted for:

Breadth an d  d e p th  of change can  ... be app lied  to each level of 

au thority  a n d  decision-m aking in  a university , including the 

classroom . Each application of the m atrix, say, to the professor's 

classroom  a n d  then  to  a  departm en t or school, w ould need to 

consider the in teracting linkages to o ther levels in an  institu tion 

w here governance is so d ispersed  and  the  organization so bottom - 

heavy. (Cuban, 1999, p.68)

His book, how ever, focuses only a t  the departm ental level. H e provides no 

exam ples of how  to  apply  this m odel to the classroom  level.
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The fourth  com ponent, time, is key to  com paring  the intended reform  w ith  

the outcom e. In one of C uban 's exam ples, he plots the diffusion of g raduate  

school practices to undergraduate  courses th a t occurred at universities over 

the 20th century  (as show n in Figure 2). The a rrow  in  the diagram  indicates 

time an d  direction of change. T hroughou t the 1900's changes w ere m ade to 

the undergraduate  curriculum , especially in  the jun io r and senior years. Ideas 

from  the g raduate schools, such as "specialized colloquia, sem inars, honors 

program s, reading periods, com prehensive exam s and  research projects" 

slowly became the norm s for underg raduates too (Cuban, 1999, p. 73). These 

changes created a  greater distinction betw een the liberal arts education and  

the m ore graduate school-research focus of undergraduate  education a t 

research universities. Later in  the century , as C uban notes, this topic becam e a 

source of debate as universities questioned  the  m ission of preparing 

undergraduates for graduate school. The cum ulative effect of these 

increm ental changes w as a fundam ental change in  undergraduate education, 

yet it is im portan t to  stress that in  m ak ing  the  changes, the net resu lt w as no t 

necessarily the intention of each ind iv idual change. This example illustrates
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how  a large sh ift in  education  can be the resu lt o f years of increm ental changes 

ra ther than  a  p lanned  fundam ental change.2

Figure 2. A n exam ple of increm ental change becom ing fundam ental3
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2 Cuban found examples of other shifts (such as reforms meant to produce fundamental
changes in structures resulting in only incremental change) in his study of universities.

3 Diagram from (Cuban, 1999) p. 75
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For this dissertation, I use C uban 's no tions of "d ep th "  an d  "b read th" to 

exam ine how  professor's im plem ent technology a t the  classroom  level. To 

exam ine this, I conceptualize b read th  an d  d e p th  in  term s of curricular and  

pedagogical change. Breadth of change is the  deg ree  to  w hich  the changes and  

m odifications are  m ade to  the curriculum — from  n a rro w  (alterations to  one 

curricu lar unit) to  b road  (restructuring  an  en tire  course  o r sequence of 

courses). T hus a  one-w eek team -based project u sin g  technology w ou ld  be a 

narrow  curricu lum  change w hile the adop tion  of a  new  yearlong m athem atics 

p rog ram  w ould  be a  b road  curricular change. H ow ever, as m any  researchers 

have no ted , using  new  tools or m aterials does n o t necessitate pedagogical 

change. The second axis, dep th , is the degree to  w h ich  professors, as 

cu rricu lum  im plem enters and , often, designers, seek  to  m ake m inor, m odest, 

or m ajor transform ations in  their teaching o f a  dom ain . For exam ple, certain  

reform s are  in tended  to change pedagogy (such as in  project-based science 

w here the teacher becom es a  facilitator of groups) w hereas back-to-basics 

m ovem ents seek to  use traditional pedagogy w ith  reg im ented  curricular 

activities.
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Figure 3 show s several exam ples of different types of curricular and  

instructional changes m apped  ou t using  this fram ew ork. The goal of 

progressive reform ers is to  m ove education tow ards the  fourth  quadran t -  

im proving  u p o n  bo th  curriculum  and instruction. As found in  this study, this 

w as also the goal for engineering instructors.

Figure 3. Exam ples o f classroom  change

DEPTH

INCREMENTAL

BREADTH

NARROW

Example Example

new technology used in one 
unit or part o f  a  course

new course curriculum 
using traditional pedagogy

1 2

Example
Example

radical change in 
instruction in one 
unit or topic

adoption o f  new pedagogy 
across entire course with 
re-structuring o f  curriculum

3 4

BREADTH

BROAD

DEPTH

FUNDAMENTAL

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



18

Pedagogical Content Knowledge

As the content for th is research is the  usage of a specific softw are program  

in the teaching of therm odynam ics w ith in  Mechanical Engineering program s, 

the m odel I use for exam ining teaching, is one tha t em braces bo th  content and  

pedagogy (Grossm an, 1990; G rossm an & Stodolsky, 1994; Shulm an, 1986; 

Shulm an, 1987). In  Shulm an and  G rossm an's m odels o f teacher cognition, they 

have explored the  no tion  th a t teachers develop dom ain-specific teaching 

strategies that link pedagogical practice w ith  subject m atte r know ledge They 

argue that teachers a n d  professors have a cache of general pedagogical 

techniques and  a w ealth  of subject m atter knowledge, th ey  label knowledge, 

w hich merges an d  in tertw ines the tw o, as pedagogical content knowledge (PCK).

I use the construct an d  com ponents of PCK in m y analyses of professors' 

teaching practices.

In G rossm an's (1990) m odel, PCK comprises know ledge of the conceptions 

of purposes for teaching a  subject m atter, know ledge o f s tu d en ts ' 

understanding  (e.g., m isconceptions), curricular know ledge an d  knowledge of
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instructional strategies. C urricu lar know ledge includes know ledge of the 

curricu lum  of a  course (e.g., availab le  m aterials an d  rationale for their usage 

(Shulm an, 1986)) and  an  u n d ers tan d in g  o f how  a  course  fits into larger 

educational structures (e.g., b o th  horizontal and  vertical in tegration  w ith in  an  

academ ic field  o r m ajor (G rossm an, 1990)). Instructional strategies include the 

representations, analogies, illustrations, exam ples, explanations and  

dem onstra tions tha t are u sed  to  teach  specific content to  studen ts (Grossm an, 

1990).

This m odel of dom ain-specific teaching  is useful in  exam ining technology 

im plem entation  as program s, su ch  as sim ulations, w hich  b ring  new  form s of 

rep resen tation  of subject m atte r in to  the classroom . Thus, in  a w ay, certain  

tools and  m aterials can be seen  as expand ing  an  in structo r's  repertoire of 

instructional strategies in  a d d itio n  to  their curricular know ledge. By view ing 

teaching th ro u g h  the lens of PCK, I can h ighlight how  professors expect 

technology to  enhance their teach ing  practice in w ays th a t are specific to  the 

subject m atter.
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T each ing  C ontext

In  ad d itio n  to  teaching being situated  in  disciplines, teaching practices are 

also situa ted  in  schools, universities an d  com m unities. In  m ost research of 

teachers' PCK, discussion of teaching context has been  m inim al o r absent. 

Shulm an, in  his in troduction  to  Hillocks (1999) s tu d y  of com m unity  college 

English-com position teachers, questions H illocks' dism issal of context as a 

relevant com ponent o f teacher know ledge in  his s tu d y  (see Hillocks, 1999, p. 

123). S hulm an writes:

If I am  critical of any  aspect of this book  [Hillock's], it is a  criticism 

th a t I level a t m ost of m y ow n w ork  as well. H illocks takes a 

decidedly  psychological approach  to the  problem  of teacher 

know ledge an d  teaching practice. H e en terta ins the possibility that 

context plays a  role in the shap ing  an d  susta in ing  of those beliefs 

an d  practices, a n d  dism isses the hypothesis ra ther quickly. I think 

th a t in  th is m atter, he an d  I have bo th  erred. The w ork  of M ilbrey 

M cLaughlin an d  Joan Talbert of S tanford has confirm ed repeatedly
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that variations am ong  secondary school departm ents in  the 

teaching practices of their faculty m em bers can be a ttributed  

significantly to context-driven differences in  their beliefs about both 

their subjects and  their s tu d e n ts ... .It m ay well be th a t changing the 

context in  w hich one teaches can have m ore influence o n  beliefs 

and  practices th an  any  individual interventions can hope to 

accomplish. (Hillocks, 1999, p. ix-x)

Ruscio, perhaps, provides us w ith  an  explanation for this oversight. He 

speculates, "Institu tional differences operate m ore covertly than  disciplinary 

differences. ..[they] rem ain  in  the shadow s. A discipline is the  first m ark of 

identity  a professor receives; institutional affiliation comes after the training, 

after the socialization."(Ruscio, 1987, p. 323) Perhaps, for this reason, studies 

of context-specific teaching practices have begun by looking a t the realm  of 

the subject-m atter dom ain  and are slow er to see institutional context as an 

im portant factor.
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This is no t to  im ply th a t there  have been no stud ies of institu tional 

differences. M any studies em ploy  the Carnegie C om m ission o n  H igher 

Education 's (Boyer, 1994) classification scheme w hich  groups post-secondary 

schools into ten  categories4 to  d o  cross-institutional research. These studies 

have found, for exam ple, differences in institu tion 's educational goals (Sm art 

& Ethington, 1995), in how  m u ch  tim e faculty spend  teaching (NSF study  as 

cited in  (Ruscio, 1987) in  interactions w ith studen ts (Astin & A stin, 1992) and  

in  how  faculty learn  about teaching  (Blackburn & Lawrence, 1995). Faculty a t 

institutions th a t place a  g rea ter em phasis on teaching, such as a t  com m unity 

colleges, find it harder to m ain ta in  ties w ith  the research com m unity  (Ruscio, 

1987). O ther institutional differences have been identified, such  as size, 

location, age, academ ic standards, etc. (Clark, 1987; Ruscio, 1987) (A ustin, 

1992). W hat these studies ten d  to share is a  m ore behaviorist app roach  to

4 The categories are: Research I and II; Doctorate- Granting I and II; Master's
(Comprehensive) Universities and Colleges I and II; Baccalaureate (Liberal Arts) Colleges I 
and II; Associate of Arts Colleges; and Professional Schools and Other Specialized 
Institutions. (Boyer, 1990)
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study ing  teaching. Little is know n  abou t the process by  w hich  institu tional 

differences shape pedagogical practices.

As Shulm an m entioned  above, Talbert an d  M cLaughlin 's w ork  in  

secondary schools has show n  tha t teachers' beliefs abou t studen ts a n d  subject 

m atter differ d ue  to  the ir perception  of their w ork  context (Talbert & 

M cLaughlin, 1993). Their research takes a  m ore com plex v iew  of teaching by 

exam ining no t one environm ental variable, as is often the case in  h igher 

education  research, b u t m ultip le  contexts. Research th a t only considers one 

context, Talbert an d  M cLaughlin argue, can lead to  m isrepresenting  the effects 

of th a t variable. By exam ining  the com plex interactions betw een the  context of 

teachers' w ork  an d  their practice, they  argue, one can better understand  the 

conditional na ture  of any  single context up o n  teachers. In their research on  

h igh  school teaching, they  define context as em bracing a w ide range of factors: 

classroom  (subject an d  students), subject a rea /d ep artm en t, school 

organization, school secto r/system , paren t com m unity /socia l class culture, 

h igher education institu tions, local professional context, an d  institutional
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environm ent. In their view , it is these m ultip le contexts, seen as nested w ith in  

each other, that teachers negotiate.

Borrowing from  Talbert and  M cLaughlin, I describe context as com plex 

and  m ulti-layered in  m y exam ination of its role in  instructors' PCK. It is n o t a 

backdrop or precursor to teaching b u t integral in  how  teaching practices are  

constructed by professors. I define the university  context as consisting of 

students, classroom, departm ents, schools or colleges w ithin  the university , 

accreditation agencies, em ployers, and  local industry  (see Figure 4). This 

definition is shaped, in  part, by the scope of this dissertation, w hich focuses 

solely on  engineering instruction. Thus, for exam ple, local industry  is 

particularly im portant since it often tightly  connected w ith engineering 

schools through internships, suppo rt for new  strands in curriculum  (such as 

telecom m unications o r sem iconductor m anufacturing) and th rough  h iring  of 

graduates. Also, agencies such as the A ccreditation Board for Engineering and  

Technology (ABET) are  essential as they set the m inim um  standards for 

engineering curricula an d  faculty. This d issertation  contributes to the
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literature by presenting this m odel for exam ining engineering  education 

context.
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Figure 4: Contexts o f Engineering Teaching

Institutional Environment: Subject matter cultures, educational goals and norms o f 
practice, Reform Initiatives (ABET, NSF Collaboratives, ASEE, ASME)

Professional Contexts: Associations (ASME, IEEE), military 
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In looking across teaching practices a t  several institutions, this fram ew ork 

o f nested contexts p rov ides an  add itional tool fo r analyzing professors' 

negotiation of their environm ents. For exam ple, w hile they m ay  have w anted 

to  im plem ent technology in  a certain  w ay, they  m ay  also feel th a t they  are 

constrained by certa in  factors in  their environm ent. By view ing the university 

context as a com plex w ork  place w ith  com peting  interests, one can better 

understand  how  a n d  w hy  professors m ake the  instructional choices they do.

Research Context

This study  is p a rt of the A rticulate V irtual Laboratories for Science and  

Engineering E ducation  g ran t an d  is fu n d ed  by  the N ational Science 

Foundation 's (NSF) A pplications of A dvanced Technology Program . This 

d issertation  focuses o n  im plem entation one of the softw are p rogram s — 

CyclePad -  w hich  w as developed for teaching  university  level 

therm odynam ics. 5

5 CyclePad was also used for AI research purposes that will not be discussed in this 
dissertation. See Forbus (1997,1998,1999), Forbus & Whalley (1994) Forbus et al., 1998).
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CyclePad is a n  articulate virtual laboratory  (AVL) in  w hich studen ts can 

build, design  an d  analyze therm odynam ic cycles. From  an  educational 

perspective, CyclePad w as built for tw o purposes (1) to help  im prove student 

learning of therm odynam ics and  (2) to allow  s tuden ts to  engage in  design 

tasks that they  w ere otherw ise unable to  perform . O ne of the  central features 

of CyclePad w as scaffolding and  coaching to help  studen ts bu ild  and  analyze 

their designs. C entral to this project w as the belief th a t design  activities are 

key to m otivating studen ts and  im proving learning. Professor Forbus 

explained this position:

T oday 's hom ew ork are cookbook exercises, w ith  single righ t 

answ ers. Easy to  grade, easy to do  (in term s of am oun t of m ath  

slogging). N o t very  m otivating. Bringing the  w ork  studen ts do  

closer to the design  context should  be m ore m otivating, provide for 

m ore open-ended questions, and  help  them  see w here  a n d  how  

therm odynam ics concepts m atter. That's w h a t w e're  really after, 

no t to tu rn  them  im m ediately in to  consulting  engineers. (From  e- 

mail to CyclePad research team  on  4 / 9 /  99)
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CyclePad has been  u sed  by engineering faculty for dem onstra ting  concepts 

and app lied  principles, for creating s tu d en t laboratory projects, for s tu d en t 

projects and  term  papers, for students to do  and  check hom ew ork  problem s 

and for personal research  projects. In this s tudy , several o f these types of 

im plem entation w ill be discussed.

Study Overview

This study  focuses o n  the usage of CyclePad by instructors a t three 

different institutions; one institutions tha t w as affiliated w ith  the NSF g ran t — 

N orthw estern  U niversity (NWU) -  a second institu tion su ppo rted  by a g ran t 

from  the C ognitive Science Division of the  Office of N aval Research — the 

United States N aval A cadem y (USNA) — an d  a  th ird  institu tion  (U niversity of 

Arkansas a t Little Rock (UALR)). This d issertation  begins, how ever, w ith  a  

background survey  of a  larger population of professors w ho  teach 

therm odynam ics (C hapter 2). The survey is m ean t to prov ide an  in troduction  

to how  professors th ink  abou t teaching th is dom ain  an d  how  they m ight

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



30

im agine teaching in  the  future. This broad exam ination  o f  engineering 

education  practices is follow ed by  in  d ep th  case studies.

In  chap ter three, I describe the case study  m ethodology used  for study ing  

the  teaching practice o f professors w ho a re  using  a  new  technology in  the ir 

classroom s. This is fo llow ed by  the cases o f instructors w h o  represen t th ree  

different educational institutions; a  private research  un iversity  (chapter four), 

a  m ilitary college (chapter five) and  a  large sta te  school (chap ter six). For each 

case, I d iscuss the  instructo rs ' enactm ent of curricu la  incorporating  C yclePad 

an d  contrast it w ith  the ir ideal usage of CyclePad. I conclude, in  chapter 

seven, w ith  a d iscussion  of policy, theory an d  technology design  im plications.

The cases a re  sim ilar in  th a t all three professors share  the goal of creating  a 

revised curricu lum  em bodying  a  progressive pedagogy (design-based 

learning). W hile there  a re  sim ilarities in their ideal v ision  of therm odynam ics 

education, their ability  to  effect change in  the c lassroom  varies from  case to 

case (and w ith in  the  cases -  from  course to  course). The case of Professor P. 

(UALR) is an  exam ple of narrow  curricular usage of C yclePad w ith  a  goal of
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integrating it b road ly  into the curriculum . W hile a t USNA, Professor R. has a 

b road  curricular CyclePad im plem entation — yet em ploying  in  one course a 

traditional pedagogical approach a n d  progressive pedagogical practices in 

another course. A t NW U, the im plem entations o f CyclePad w ere quite 

different; one reached broad curricu lar in tegration y e t w ith  lim ited 

pedagogical im pact. In  the other course, CyclePad w as im plem ented w ith  a 

fundam entally  d ifferen t pedagogy, how ever, lim ited to  one a sm all slice of the 

course. These cases provide three perspectives on  the  efforts of professors to 

create innovative curriculum  using  progressive pedagogical practices in 

engineering education.
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CHAPTER 2

TEACHING SURVEY

In this chapter, I p resent the results o f a  survey of therm odynam ics

professors conducted du ring  1999. This survey  w as d riven  by  a  need  to

understand  the sta tus quo of therm odynam ics teaching an d  the  view points

th a t faculty hold  on  potential changes to curriculum  and instruction. The

N ational Science Foundation (NSF) has conducted several com prehensive

studies in the science an d  engineering fields, however, the studies m ainly

focus on  dem ographic and  economic data, an d  less so o n  teaching practices.

Furtherm ore, these studies trea t engineering as one dom ain  an d  do  no t look a t

the  departm en ta l/ subject m atter level. For exam ple, the NSF report

"Characteristics o f Doctoral Scientists and  Engineers in  the U nited States"

(National Science Foundation, 1999) provides dem ographic inform ation for

the num ber of doctoral engineers in  academ ia, however, this d a ta  is no t

broken dow n by either school type or engineering discipline. O ther reports

such as "Scientists, Engineers, an d  Technicians in N on-m anufacturing
32
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Industries" do  n o t include the academ ic jobs (N ational Science Foundation, 

1996). In the N ational Science B oard 's "Science & Engineering Indicators -  

1998" there is detailed  in form ation  ab o u t science and  engineering studen ts 

and  institutions and  little ab o u t faculty (N ational Science Board, 1998). 

Therefore, I created a  dom ain-specific teaching survey to com pare teaching of 

therm odynam ics across d ifferen t p rogram s (engineering technology and  

engineering science) and  universities to  better understand  the sim ilarities a nd  

differences across contexts as w ell as the  general nature  of teaching 

therm odynam ics.

Introduction

There are few  cross-institutional stud ies of higher education th a t exam ine 

dom ain  specific teaching practices. M ost com pare teaching practices across 

disciplines (e.g., science teaching  (A stin & Astin, 1992)), or focus on  general 

pedagogical practices (e.g., (Blackburn & Lawrence, 1995; Boyer, 1990)). I 

chose to survey professors w ho, like those selected for the case studies, had  

taugh t or currently  teach therm odynam ics. I selected a  sam ple of
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therm odynam ics professors w ho  cam e from  a w ide range o f universities so 

th a t I could  com pare responses across institutional type an d  eng ineering  

program s. The aim  of the study  w as to  answ er the questions: W hat is the  

natu re  of therm odynam ics p rofessors ' teaching practices (the range o f  their 

interests, the degree of departm en ta l su p p o rt for im proving teaching, their 

pedagogical preferences)? H ow  w o u ld  professors ideally teach 

therm odynam ics? W hat do  professors see as the challenges for s tu d en ts  to 

learn  therm odynam ics? H ow  do  these  teaching practices a n d  v iew poin ts vary  

across institutions?

M ethodology

A fter a  rev iew  of the literature I found  few  scales tha t m easure these 

dom ains of interest, so I developed  a  tw enty-three-question survey. This 

survey  consisted of a com bination of fourteen  short-answ er and  open-ended  

questions and  nine structured  questions (m ultiple-choice, checklist a n d  

ratings). Q uestions covered the fo llow ing topics (see survey  in  A ppend ix  B):
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• D em ographics (w here they teach, type o f institution, teaching 

background, tenure  status, in d u stry  experience)

• Views on  textbook problem s (benefits, draw backs, w ha t students find 

difficult and  w h a t they  learn)

• Teaching therm odynam ics (nam es of therm odynam ics courses taught, 

perceived challenges, learning goals, and  teaching styles)

• Available resources (laboratory equ ipm ent, departm ental support)

• Views of studen ts ' skills and  m otivation  and  how  difficult studen ts find 

specific concepts

• V iews on  teaching u n d er ideal conditions (i.e., w ith  unlim ited  tim e and  

resources)

To reach  professors w ho teach therm odynam ics I took three approaches. 

First, I developed a  w eb-based survey th a t w as located on o u r w eb site. W hile 

users w ere w aiting to  dow nload  CyclePad, they saw  a request for professors 

to follow  the link to the survey. Second, to  reach professors w ho m ight n o t be
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visiting ou r web site, I searched the  In ternet by exam ining university  w eb sites 

of all ABET accredited engineering  and  engineering technology program s. 

From  there, I obtained e-mail addresses for instructors w ho w ere listed  as 

teaching therm odynam ics (on d epartm en t hom epages or by using  course 

catalogs). W hen the w eb-based faculty  listings d id  no t list faculty 's courses, I 

selected professors w hose research  seem ed to  be in  the area of 

therm odynam ics (such as heat transfer) w ho  m ight possibly be assigned  to  

teach the therm odynam ics courses. O verall, I w as m ore successful a t  find ing  

e-mail addresses for m echanical engineering  professors a t engineering 

program s than  for engineering technology. I found tha t engineering 

technology program s w ere m uch  less likely to  have com prehensive w eb sites -  

often there w as no faculty listing a t  all. I gathered  the e-mail addresses in to  a 

m ailing list and  sen t requests to  the  professors to complete the on-line survey. 

Last, I posted announcem ents to  m echanical engineering new s g ro u p s a n d  the 

engineering technology new sgroup  asking professors w ho taugh t 

therm odynam ics to  com plete the  survey. In  all, the survey w as sen t to  903 

professors representing 249 schools (see school list section II of A ppendix  B).

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



37

A fter users com pleted a n d  "subm itted" the survey electronically, the da ta  

w as autom atically stored  in  a  tex t file. The quantitative da ta  w as im ported  

in to  M icrosoft Excel and  SPSS w here  it w as analyzed. Q ualitative d a ta  from  

open-ended  questions w as hand-coded , categorized and  p u t in to  frequency 

tables.

O ne hundred  and  seven  professors responded  to the survey d u rin g  a  five- 

m on th  period6. This rep resen ted  a  response ra te  of 12%. There are  several 

explanations for the  low  response  rate. First, n o t all e-mail requests reached 

their target audience7. Second, in  selecting faculty  for the m ailing, w henever 

possible, I had  tried  to confirm  th a t they  tau g h t therm odynam ics e ither 

th ro u g h  a listing o n  their personal hom e page o r by consulting the  university 's 

course catalog. H ow ever, m any  professors d id  n o t list teaching activities (they 

tended  to list their research program s) a n d  m any  schools do  no t y e t have on­

line catalogs (or, if they do, the  catalogs list courses b u t no t instructional staff.)

6 A second request to complete the survey was sent after one month had passed.
7 Fifty-two of the surveys were returned as "unknown" by various mail servers.
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For any  one of these reasons, faculty  included on  the original m ailing  list m ay 

no t have taugh t therm odynam ics an d  elected no t to re tu rn  a  survey. A lthough 

the response rate  is low, final sam ple o f 107 is likely one of the m ost extensive 

surveys of this popu lation  regard ing  teaching practice. This sam ple helps m e 

situate  the  case studies in  a  larger context of engineering education.

Who are the professors?

The professors (n=107) w ere queried  as to the num ber of years teaching, 

teaching therm odynam ics an d  w ork ing  in  industry  (see Table 1). The m ajority 

of responden ts h ad  over 10 years teaching experience (71%) and  over 10 years 

experience teaching therm odynam ics (59%). Two-thirds of respondents w ere 

tenured , one quarter w as n o t tenured  an d  for the rem aining tenure-status w as 

n o t applicable. N ew  faculty m em bers w ere not well represented in  this 

sam ple. Seventy-five percen t of the professors had  experience w ork ing  in  

industry .
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Table 1: W ork experience

Number of Years Teaching Teaching
Thermodynamics

W orking in 
Industry

0 - - 25%
1-5 18% 25% 35%

6-10 10% 15% 20%
11-15 21% 17% 8%

15 or more 50% 42% 12%

W hile the sam ple appears skew ed tow ards older professors, this is, in  fact, 

consistent w ith  the dem ographics of engineering and  science professors. Due 

to a surge in  h iring  du rin g  the g row th  of the 1960s, follow ed by a  slow er rate 

of hiring in subsequent years, the  average age of engineering and  science 

faculty in 1995 w as greater th an  46. In  1995,10.9% of faculty w ere u n d er 35 

years old, 32.8% w ere 36-45,35.7% w ere 46-55,17.8% w ere 56-65 an d  only 

2.8% w ere over 65 (National Science Board, 1998). W hile this data  cannot be 

directly com pared w ith  the d a ta  from  this dissertation survey, as the latter 

asked for num ber of years teach ing  n o t age, it suggests tha t the general 

population  of engineering professors is older and  thus m ore likely to have
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been teaching for a  g reater p e riod  o f tim e. Thus, this popu la tion  appears to be 

representative of the larger p o p u la tio n  in  term s o f teaching experience.

W here d o  th ey  teach?

N inety-seven universities a re  rep resen ted  in  the sam ple, the  m ajority of 

w hich a re  research an d  doctoral g ran tin g  institutions (see Table 2). This is 

consistent w ith  o ther dem ographic  data . In 1995, the N ational Science Board 

(1998) found  that research universities em ploy 41% of doctoral scientists and  

engineers (based on  C arnegie Classifications). The rem ain ing  59% w ere 

em ployed a t other institutions. Sim ilarly, in  this s tudy  43% of professors 

w orked  a t research I an d  II universities a n d  the rem aining 57% a t other 

institu tions (see Table 2). This indicates th a t the sam ple is d ra w n  from  

different schools in p ropo rtion  to  the overall representation  o f engineering 

faculty a t  those institutional types.
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Table 2: Carnegie classification of schools

Carnegie Classification Percentage o f U.S. 
respondents

Research Universities I and II 43%
Doctoral Universities I and II 24%
Masters (Comprehensive) Universities and Colleges I and II 20%
Baccalaureate Colleges 4%
Associates o f Arts Colleges 4%
Specialized institutions (military and engineering) 4%
Foreign (no classification) * N/A

The Professors a re  located in  bo th  the  U.S. (87%) an d  abroad .9 Eighty- 

seven  of the  professors a re  in  eng ineering  program s and  the  rem ain ing  20 in 

eng ineering  technology. Seventy  percen t of the respondents cam e from  

m echanical engineering departm en ts. The rem aining 30% rep resen t 

departm en ts such as chem ical engineering, energy, eng ineering  technology, 

industria l and  engineering  technology, therm al engineering  a n d  physics.

8 The fourteen foreign schools are not classified and thus not included in this table.
9 There were 14 foreign professors. One from each of the following countries unless 

otherwise indicated: Mexico(2), Canada, United Kingdom, New Zealand, Spain (2), 
Norway, Netherlands, Tunisia, Romania, Chile, Ukraine, and Poland.
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The analyses presen ted  below  focus o n  the sam ple as a  w hole, o r o n  the 

difference betw een engineering  and  engineering technology program s10. The 

statistical m ethods em ployed took into consideration the differences betw een 

the sam ple sizes.11

Teaching Practices

In this section, I w as in terested  in  addressing  several questions about 

engineering faculty's teaching practice: W hat is the p rim ary  focus of their 

energy -  research o r teaching? W hat is the  prim ary pedagogical style they 

em ploy? H ow  m uch su p p o rt do  they  received from  their school o r departm en t 

for im proving  their teaching practice, curricular m aterials or usage of 

technology? W hat are their opinions of conventional problem  solving 

m ethodologies used  in  therm odynam ics? W ith unlim ited funds an d  resources, 

how  w ould  they ideally teach? The objective of this line of question ing  w as to

10 The data was analyzed by Carnegie classification to compare research universities with
non-research schools. Significant differences were found for only one measure (interest in 
research versus teaching). Thus this data is not reported.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



43

pain t a  picture of the current state o f therm odynam ics teaching an d  the areas 

for potential change in  the future. As described below, in  several o f these areas 

(research interests, departm ental support) there w ere significant differences 

betw een engineering sciences an d  engineering technology professors.

Interest in  research versus teaching

In Scholarship Reconsidered (Boyer, 1990), the Carnegie Com m ission 

found th a t professors a t doctoral g ran ting  universities (which includes 

research institutions) were significantly less inclined tow ards teaching than  

those a t o ther types of colleges. Sim ilarly, in this study, engineering science 

professors w ere less likely to be in terested in  teaching relative to research than  

engineering technology professors (m eans 3.14 a nd  3.85 respectively, F=5.78, 

p<. 02) (see Figure 5). In looking a t the types of institutions w here each g roup  

works, these results reflect the findings of the Carnegie report. The

11 Analyses were performed using SPSS (version 8.0). Analyses of mean differences between 
engineering programs were performed using the method of analysis of variance.
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engineering  science professors w ere  m ore likely to  w ork  a t research 

universities than  the  engineering technology professors (see Table 2).

F igure 5: Interest in  research o r teaching by p rogram  type
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W hile this analysis looked a t  an  ind iv idual's  preference for research or 

teaching, the follow ing analysis looked a t the  departm en t's  role in  prom oting 

a n d  im prov ing  teaching practices.

School/Departmental Support

In this section, I w an ted  to  look a t differences betw een institu tions in level 

of departm en tal su p p o rt for im proving  teaching. From  m y contact w ith  

professors a t  different types of institutions, I had  seen varia tion  in  the degree 

to  w hich  departm ents p lay  a  ro le  in  p rom oting  excellence in  teaching. For the 

analyses, a  m easure of sch o o l/ departm en tal su p p o rt for teaching  was created 

th a t com bined four ind iv idual survey  items: departm ental feedback on 

teach ing  to professors, d iscussion  of course evaluations w ith  professors, value 

of teaching as p a rt of the  tenu re  criteria an d  rew ard ing  of good teaching 

(C ronbach 's a lpha  = 0.69)12. Significant differences w ere found  betw een 

professors in  ET program s an d  engineering sciences professors perceptions of 

d epartm en ta l focus on  quality  of teaching as show n in Table 3. A lthough the
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average professor in  b o th  types o f program s rate their departm en ts m ore 

positively than  negatively in their su p p o rt for teaching (greater th an  3 on  a 

five-point scale), the professors in  ET program s rated  their departm en ts m ore 

positively com pared to  professors in  engineering program s [3.76 (0.84) to 3.16 

(0.99), F=6.42].

In  analyzing the ind iv idual item s, there is a  trend  for ET professors to rate 

all four m easures h igher than  engineering sciences professors, w ith  significant 

differences in three areas: ET departm ents are m ore likely to rew ard  good 

teaching, provide feedback to instructors on their perform ance o n  course 

evaluations an d  give constructive criticism.

12 Items were combined based on conceptual rather than empirical considerations.
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Table 3: Professors ratings of their departm ents" focus on  teaching

Construct and Items ET Engineering
mean

(standard
deviation)

mean
(standard
deviation)

F

Departmental focus on quality of teaching 3.76 3.16 6.42*
(0.84) (0.99)

Individual Items
Teaching is important in tenure decisions 3.90 3.68 0.42

(1-33) (1.19)
School/department discusses course evaluations 3.95 3.15 4.94*
with professors (1.21) G-39)
Good teaching is rewarded by the department 3.75 3.14 3.79*

(1.33) (0.85)
School/department offers constructive feedback 3.45 2.62 6.30**
to help improve teaching (1-30) (1-50)
Scale: 1 (unlikely) to 5 (likely) 
*p<=.05, **p<=.01

In a second m easure, analyses of departm ental su p p o rt for teaching 

reform s, there w ere no significant differences in  ratings betw een the ET and  

engineering sciences professors (C ronbach's alpha = .73) (see Table 4). For this 

m easure, four individual survey item s w ere  combined: the degree of 

encouragem ent for try ing  new  com puter technologies for teaching, the 

availability of incentives o r technical assistance for using  technology in  the 

classroom , and  the possibility of release tim e from  teaching o r sum m er
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fund ing  to  w ork  on curriculum  developm ent.13 W hile the  professors m ean  

ratings for ind iv idual item s w ere very  close betw een the tw o groups, i t  is 

in teresting  to note the  larger gap  o n  the m easure  of funding. The ET 

professors w ere less positive ab o u t the possibility of receiving sum m er 

fu n d in g  from  their school. This w ou ld  also be consistent w ith  the types of 

schools th a t they  are m ore likely to  teach at. In  general, professors a t large 

research  universities have m ore access to  fun d in g  in  general than  do  

professors a t sm aller teaching institu tions14. This da ta  su p p o rts  the studies 

th a t cite the  need  to strengthen an d  im prove the  faculty rew ard  system  to help 

faculty  balance the dem ands on  research, teaching, an d  curricu lum  

developm ent. (Dowell, Baum, & M cTague, 1994; N ational Science Foundation, 

1996).

13 These items were also combined and analyzed as two measures: a department's support for 
technology usage and a department's support for curriculum development A moderate 
correlation of 0.5 was found between the two measures. No significant differences were 
found between the two populations on these two measures.

14 In 1995, the top 200 academic institutions accounted for 94% of research and development 
expenditures and the top 100 institutions accounted for 78% (National Science Board, 1998, 
p. 5-10).
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Table 4: Professors v iew s on  departm ental su p p o rt for curricular change

Construct and Items ET Engineering
mean

(standard
deviation)

mean
(standard
deviation)

F

Departmental support for curriculum  reform 2.92 2.97 0.05
(1.00) (0.87)

Individual items
Encouragement for trying new computer 4.30 4.06 0.93
technologies for teaching (0.80) (1-05)
Technical assistance for using technology in the 3.25 3.20 0.46
classroom (1-33) (1-35)
Incentives to use technology in teaching 2.8 2.99 0.33

(1-40) (1-28)
Option of release time from teaching for 2.20 2.34 0.19
curriculum development (1-30) (134)
Availability of summer funding for curriculum 2.05 2.42 0.11
development (1-44) (1-50)

Scale: l(low ) to  5 (high) 
*p<=. 05, **p<= 01

The overall im plications are tha t departm ents a re  m ore likely to encourage 

the usage of technology, b u t less likely to p rovide tangible supports for 

assisting in  im plem entation. In the next section, I m ove from  the 

departm en ta l/ school level, to looking a t practice w ith in  the classroom .

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



50

Teaching Style

As found in  other studies of engineering professors (Bourne e t al., 1995), 

lectures, or a com bination of lectures w ith  o ther styles, w as by  far the m ost 

p revalent form  of instruction. Between 40-50% of the professors in  both 

program s use form s of g roup  w ork  such as team  problem  solving, g roup 

projects an d  collaborative learn ing  (see Figure 6). There w as little difference 

betw een the tw o program s. This is m ost likely due to the fact th a t professors 

are  trained  in Ph.D. program s a t  research and  doctoral universities, thus, 

regardless of w here they end  u p  finding academ ic positions, the types of 

teaching they have been exposed to is the same.
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Figure 6: Professors' teaching style bv p rog ram

Teaching Style

100%

□  lecture & groupwork
□  lecture

ET ENG
Percentage

Therm odynam ics Problem  Solving

Along w ith  the lecture, the  trad itional m eans of therm odynam ics teaching 

has been the usage of paper-and-pencil p rob lem  solving. These problem s 

(similar to those em ployed in  physics) a re  organ ized  in textbooks to 

correspond to  specific chapter topics an d  sim plified so that s tu d en ts  can w ork
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them  o u t w ith  m inim al technological su p p o rt (today 's students w ou ld  be 

expected to use a  calculator). U sing a  series of open-ended questions, 

professors w ere a sked  to rep o rt abou t w h a t they perceived to be the benefits 

and  draw backs o f studen ts solving therm odynam ic problem s by  h an d  (i.e., 

w ithou t equation solving softw are o r o ther tools except for calculators). F igure 

7 show s the top th ree  benefits th a t professors identified. The m ost com m on 

response (38%) w as th a t studen ts learned  better the  m ethodology o f p rob lem  

solving. Secondly, professors (28%) claim ed th a t studen ts learned concepts 

and  principles th ro u g h  solving problem s by  hand. Thirdly, professors (21%) 

felt th a t students learned  better how  to ap p ly  therm odynam ics to solve 

engineering problem s.
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Figure 7: Top three benefits o f conventional problem  solving
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Professors felt that by solving these problem s studen ts "reinforced" their 

therm odynam ics know ledge. In  particular, som e believed that the slow  pace 

of solving problem s by hand  allow ed  for greater reflection on  the studen ts ' 

part. They also felt that this type  of problem s solving allow ed students to  get 

an  intuitive sense of the m agnitudes of variables. Professors wrote:
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D raw ing d iagram s an d  w riting  ou t the form ula helps reinforce the 

basic facts and  theories. (Professor ID #20)

[Solving problem s by  hand] gives students tim e to th ink  about 

analysis. S tudents see values o f num bers to  help  them  understand  

size of num bers. (Professor ID #40)

[Students are] learn ing  and  developing problem -solving skills, and  

gaining fam iliarity w ith  overall m agnitudes of com m on devices. 

(Professor ID #31)

[Solving problem s by hand  requires] conscious th ink ing  abou t 

equation, units a n d  quantities entered , and m aking a  judgm en t on 

correctness of answ er. (Professor ID #57)

[Students] becom e fam iliar w ith  the various quantities th a t are 

used in  therm odynam ics: p, T, V, m, Q/ W, etc. They also becom e 

fam iliar w ith  h o w  algebra, an d  calculus are *used* in  science and  

engineering. Finally, they  gain experience w ith  using  logic to  solve 

"formal" (well-defined, w ell-posed) problem s. (Professor ID #77)

[Solving problem s by hand] forces students to  th ink  ab o u t every 

step in  the process, m ake decisions, try  equations, etc. Solving 

problem s by h an d  are  open  to m any  incorrect solutions; hence the
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studen t m u s t develop the skill to correctly ap p ly  assum ptions a n d  

equations. (Professor ID #83)

If p roperly  selected, problem s allow  for reinforcem ent of 

know ledge, application o f fundam ental analysis tools and  

com prehension of the m aterial. The use of a p rob lem  solving 

technique assists in  the o rderly  com pletion of the  problem s, a n d  the 

m ethod can  be used  elsew here. (Professor ID #94)

A lthough professors found  m any  benefits to  so lving problem s by  hand , 

they  also found draw backs. Figure 8 show s the top  th ree  challenges professors 

identified  in the ir answ ers to open-ended  questions ab o u t the d raw backs and  

difficulties of s tu d e n t hand  problem  solving. The m ost frequent v iew  (40%) 

w as th a t solving therm odynam ics problem s by  h an d  w as tim e consum ing  and  

laborious. They labeled the repetitive calculations as " ted ious" an d  

"frustrating ." The second m ost frequen t issue m entioned  (24%) w as th a t 

studen ts have difficulty in terpo lating  values from  p roperty  tables. E qually  

(24%) professors felt th a t studen ts h ad  trouble in  m ak ing  the initial m odeling  

assum ptions necessary to setup  an d  solve a problem .
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Figure 8: Top th ree  challenges of conventional problem  solving
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In  e laborating  on  these issues, professors described problem s as time 

consum ing  to  th e  point w here studen ts  becam e e ither fru stra ted  o r bored w ith  

the w ork. In particular, they found  p ro p erty  table in terpolation  to be difficult
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(as w ell as tim e consum ing and  error-prone). In  conceptualizing problem s, 

they found th a t students d id  n o t know  w here to sta rt and  how  to m odel the 

system s presented . Professors w rote:

[Students] m ake arithm etic m istakes, interpolation errors, [and] 

m isunderstand  the type of therm odynam ical [sic] tables to be used. 

[Problems] are time consum ing an d  som etim es frustrate the 

students. (Professor ID #2)

W here do  you  start? W hat to  p u t dow n? W hat to analyze? W hich 

equations to  use? Snow is an  ideal gas isn 't it? (Professor ID #18)

The g reatest difficulty is know ing  w here to start o n  a new  type of 

problem  th a t they have n o t seen  before. They are no t good a t 

identifying an d  form ulating the problem . (Professor ID #20)

I think the prim ary difficulty m ost have w ith  hom ew ork is the 

m odeling step, NOT the com putational one. (Professor ID #70)

Too m uch tim e spent on calculation detracts from  tim e spent 

learning therm o concepts. Too often they m ake errors in hand  calcs 

tha t tends to  be frustrating an d  has a  negative im pact on  the 

subject. They tend  to th ink it is too h a rd  to get a  righ t solution. 

(Professor ID #87)
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T edium  of evaluating  properties can  m ask key  concepts illustrated  

in  a  problem  (Professor ID #90)

[Students have difficulty] figuring o u t w here  to  start. A pply ing  a 

system atic m ethodology to a  w ord  s ta tem en t of a physical situation  

in  o rd er to o b tain  the appropriate  m ass, energy, and  en tropy  

balances on  a  control volum e. (Professor ID #98)

Ideal Teachingi ■

W hile the prev ious sections described the s ta tu s quo  of therm odynam ics 

teaching, in  this section I address the question  of w h a t are  the  professors' ideal 

visions of teaching therm odynam ics. In the survey, professors w ere asked 

how  they  w ould  teach therm odynam ics if they  h ad  unlim ited  tim e an d  

resources. As show n in  Figure 9, the m ost com m on answ er (43%) w as to  do  

m ore laboratories, dem onstrations an d  experim ents. Second, 21% of 

professors w an ted  to  use com puter technology such  as CAD program s, 

m ultim edia, o r sim ulations. Thirdly, professors (15%) w ould  like to create 

stronger links betw een the concep tual/ theoretical therm odynam ics they  teach 

and real w orld  engineering practices. All of these responses po in t to a desire
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for greater resources bo th  in  m aterials a n d  in  curriculum . The also im ply 

potential changes in  pedagogy by do ing  m ore  hands-on  w ork  w ith  actual 

equ ipm ent o r com puters.

Figure 9: H ow  professors w ould  ideally teach  therm odynam ics
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In professors w ritten  responses, they  asked  for new  technologies and  

laboratory  equipm ent. W hen describing th e  usage o f these items, they 

referenced progressive pedagogies such  as g ro u p  w ork, problem -based 

learning an d  reality-based learning. They w rote:
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I w o u ld  love to  have som e dem onstrations to use in  class. I have 

o rdered  a heat engine k it to m ake them  th ink  abou t the conversion 

from  h ea t to  w ork. I have also tried  to get a  w indow  air 

conditioning  u n it to talk  about a  refrigeration cycle. (Professor ID 

#13)

M ore self-directed learning. M ore historical context (it helped me) 

on  w h y  therm o developed. M ore hands-on  exam ples (not just labs 

b u t real plant). (Professor ID #20)

Let studen ts exercise w ith  sim ulation program s, confront the 

studen ts  w ith  real p lan t data, force studen ts to understand  theory 

thoroughly . (Professor ID #26)

Integrate  m ore lab experience w ith  lecture; lim ited lab resources 

available a t the m om ent. Perhaps cooperative learning groups and  

tim e to  have students develop com petency in  tu to red  setting. 

(Professor ID #29)

I w ou ld  include m any dem onstrations a n d /o r  experim ents of 

processes an d  hardw are, including the developm ent of virtual 

ones. (Professor ID #36)
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I w ould  like to develop anim ated processes so  stu d en t could see 

w hat happens. W ould like to  be able to change a variable and  see 

how  th a t affects the process. (Professor ID #38)

M ore experim ental demos, m ore g roup/co llaborative  learning 

experiences, in troduction to num erical solutions. (Professor ID 

#102)

Professors Perceptions of students

W hile the previous section explored professor's teaching styles, resources 

and  interests, this section discusses their know ledge of their students. The 

particular areas addressed  were: view s of studen t skills and  view s of studen t 

learning of concepts. I w as interested in  exploring differences in  perceptions of 

students across p rogram  types as well as looking a t  specific skills and  

concepts to find ou t w hich were m ore difficult to  m aster.

A m easure of studen ts ' instrum ental skills w as created  that com bined five 

individual m easures: perform ing calculations, determ ining  state, converting
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units, in terpo lating  properties and  app ly ing  form ulas and  equations 

(Cronbach's alpha =0.72)15. Engineering science professors ra ted  their students 

significantly h igher [3.51 (0.53) to 3.29 (0.60), F=2.81] in  instrum ental skills (see 

Table 5). O ne m ig h t expect engineering studen ts  to  perform  better on  skills 

th a t are  related to  textbook problem  solving o r m athem atics ability as they 

take calculus earlier in  their academ ic careers th a n  the ET students. 

E ngineering p rogram s are  m ore likely to be a t  to p  tier schools w here 

adm issions criteria have h igher academ ic achievem ent.

15 Items were combined based on conceptual rather than empirical considerations.
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Table 5: Professors' ratings of s tu d en ts ' instrum ental skills

mean mean F
(standard (standard
deviation) deviation)

Instrum ental Skills 3.29 3.51 2.81*
(0.60) (0.53)

Individual items
Perform routine calculations 3.70 3.75 0.08

(0.73) (0.74)
Given 2 properties (e.g., T, P) determine the state 3.35 3.77 4.27**

(0.81) (0.83)
Convert units 3.25 3.39 0.40

(1-02) (0.85)
Given 2 properties (e.g., T, P) interpolate other properties 2.95 3.43 6.23***

(0.69) (0.81)
Apply formulas and equations 3.20 3.20 0.00

(0.70) (0.72)
Scale: l= v e ry  low  to 5=very h igh  
*p<= 1, **p<=.05, ***p<=.01

A m easure  of studen ts ' abstract reasoning  skills w as created  that com bined 

ten  ind iv idual m easures as listed in  Table 6 (C ronbach's a lpha  =0.90 )16. In 

general, there w as a trend  for professors to  rate th is abstract reasoning skills as 

low er than  instrum ental skills. In  add ition , the ratings for m odeling activities 

(using  m odeling  assum ptions to  reduce 1st an d  2nd  law  form ulas, tu rn ing
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w ord problem s in to  d iagram s or pictogram s, know ing  w here o r how  to begin 

solving a problem , m ak ing  sim plifying m odeling  assum ptions) tend  tow ards 

the low  end  of the  scale. This w as consistent w ith  professors' responses to the 

open-ended questions regard ing  student difficulties w ith  conventional 

problem  solving (see F igure 8 above).

There w ere  no  significant differences in  professors' ratings of students ' 

abstract reasoning skills betw een the tw o p rog ram  types. H ow ever, the 

engineering professors ra ted  their students som ew hat h igher on  all b u t one of 

the indiv idual items. This, again, could perhaps be d ue  to the h igher academic 

caliber of engineering  studen ts entering these schools. O ne notable exception 

was professor's responses to  the only question in  the survey th a t inquired 

about studen ts ' ability to  link problem s to real w orld  applications. H ere ET 

professors ra ted  their s tuden ts higher than  engineering professors (see Table 

5). Since the ET program s have a  greater focus on  applied  engineering so one 

m ight expect ET studen ts to perform  better o n  "hands-on," practical skills.

16 See footnote 15.
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U nfortunately, this w as the only question in  this survey  to  assess this area; the 

difference is n o t statistically significant.

Table 6: Professors' ratings of students ' abstract reasoning  ability

Construct and Items Engineering
Technology

Engineering

mean
(standard
deviation)

mean
(standard
deviation)

F

A bstract Reasoning Skills 1S1 2.78 2.02
(0.64) (0.58)

Individual items
Selecting appropriate formulas 2.75 3.05 3.40*

(0.64) (0.65)
Working through a problem to correct final solution 2.90 2.96 0.16

(0.79) (0.61)
Using modeling assumptions to reduce 1st and 2nd law 2.50 2.93 4.92**
formulas (0.69) (0.79)
Turning word problems into diagrams or pictograms 2.40 2.79 4.30*

(0.60) (0.78)
Using a logical problem solving methodology 2.65 2.98 0.24

(1-09) (0.84)
Linking problems to real-world applications 2.90 2.79 2.11

(0.97) (0.93)
Knowing where or how to begin solving a problem 2.55 2.79 1.50

(0.89) (0.76)
Making simplifying modeling assumptions 2.25 2.67 5.26**

(0.64) (0.75)
Explain thermodynamics concepts 2.60 2.59 0.00

(0.94) (0.75)
Solve open-ended problems 2.32 2.54 0.96

(0.75) (0.91)
Scale: l= v e ry  low  to 5=very high 
*p<=.l, **p<= 05, ***p<=. 01
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A m easure of s tu d en ts ' therm odynam ics w as created th a t com bined ten  

indiv idual m easures as lis ted  in  Table 7 (C ronbach 's a lpha  =0.86)17. Table 7 

show s the results o f the analyses for the global construct and  ind iv idual items. 

The item s are  a rranged  b y  professors' ra ting  of s tu d en t ability  in  descending 

o rder from  h igh  to low. T here w ere no significant differences found  betw een 

professors in  ET an d  eng ineering  sciences program s. Again, in  indiv idual 

areas w here there w ere  significant differences engineering s tu d en ts  tended  to 

be ra ted  h igher th an  their ET peers (2nd law , T-s diagram s). In  term s of relative 

difficulty, professors felt th a t studen ts have m ore trouble w ith  concepts 

related  to the  2nd law  o f therm odynam ics (this includes en tropy , T-s d iagram s 

and  reversibility) as seen  by  their ranking a t  the  bottom  of the  list.

17 See footnote 15.
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Table 7: Professors' ratings of how  easy it for stu d en ts  to understand  certain 

concepts.

Construct and Item s Engineering
Technology

Engineering

mean
(standard
deviation)

mean
(standard
deviation)

F

Thermodynamic Knowledge 2.70 2.72 0.04
Individual Items
Efficiency 3.40 332 0.14

(0.88) (0.85)
lstlaw of Thermodynamics 3.15 3.13 0.01

(0.93) (0.98
Internal energy 3.00 3.19 0.76

(1.05) (0.81)
Work transfer 3.00 2.96 0.03

(0.86) (0.91)
Enthalpy 2.85 2.74 0.25

(0.99) (0.88)
Heat transfer 2.85 2.94 0.15

(0.88) (0.94)
P-v diagrams 2.80 3.01 0.91

(0.83 (0.90)
Closed v. open systems 2.75 2.85 0.13

(1-02) (1-06)
Reversibility 2.30 2.14 0.49

(0.86) (0.91)
2ndlaw o f Thermodynamics 2.2 1.73 5.45**

(1-01) (0.77)
T-s diagrams 1.95 2.47 6.24***

(0.97) (0.79)
Entropy 1.45 1.54 0.24

(0.15) (0.74)
Scale: l= v e ry  h a rd  to 5=very easy 
*p<=.l, **p<= 05, ***p<=.01
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Conclusion

In  exam ining the tw o  program s -  engineering  sciences and  ET -  the ET 

professors have a  g reater focus on teaching and  their institution supports their 

teaching activities to a  g reater degree. The im plication of this is that program s 

such as ET are m ore likely to be supportive a n d  receptive to pedagogical 

curricular change. The draw back for these institu tions is perhaps a  lack of 

funding  to  facilitate such innovation.

Professors a t engineering schools have a  h igher perception of their 

studen ts ' abilities. W hile there could be several explanations for this 

difference, this area  m erits further research to determ ine the generalizability 

of these results to o ther topics in engineering an d  to control for institutional 

type and  s tu d en t background characteristics. This difference m ay have 

im plications for technology design and  adop tion  as the perceived needs of the 

studen t populations vary.
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The cu rren t educational practices in therm odynam ics could  be im proved 

upon. C onventional prob lem  solving, w hile of benefit for p rom oting  a  certain 

problem  solving m ethodology, reinforcing concepts and  illustra ting  

applications of therm odynam ics is also tim e consum ing, ham pered  by 

p roperty  table in terpo lation  an d  lacking in  linkages to the real w orld . In  

professors' ideal v ision o f teaching, they w o u ld  em ploy m ore equ ipm en t and  

technology for hands-on  applied-leam ing. Technology, such as com puter 

sim ulations a n d  v irtua l laboratories, w ou ld  m ake the routine aspects of 

problem  solving less tim e consum ing w hile g iv ing  studen ts a g reater 

u nderstand ing  of the  behavior of real-w orld  devices.

In  term s of the  technologies and  experiences th a t professors w an t to  give 

their studen ts, C yclePad -  the technology th a t this d issertation exam ines -  

speaks to the difficulties th a t they identified w ith  conventional problem  

solving. It p rov ides s tuden ts both w ith  com puter experience as w ell as a 

sim ulation of actual therm odynam ic equ ipm en t (m uch of w hich  is too large or 

dangerous to use in  a  school setting). Furtherm ore, w ith  the know ledge base 

that underlies Cycle P ad 's  sim ulation engine, studen ts can explore all the
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therm odynam ic concepts from  the pressure-volum e diagram s to  en thalpy  to 

en tropy  as w ell as ga in  experience m aking m odeling  assum ptions. CyclePad 

includes p roperty  table data  and  calculates values for the s tuden t. In these 

w ays, the feature se t of CyclePad is in a lignm ent w ith  the needs a n d  goals of 

m any therm odynam ic educators.
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CHAPTER 3

METHODOLOGY 

Case Studies

This dissertation uses case s tud ies of three instructors to create rich 

accounts of teaching; the  in ten t of w hich  is to  understand  the com plexities of 

the ir practices w ith in  specific contexts (H uberm an & Miles, 1994; M enges & 

A ustin, in  press; Miles & H uberm an, 1994; Shulm an, 1987). Since I believe tha t 

the  local context will have a  large im pact o n  the enactm ent of curricula, I take 

a  cross-institutional m ultiple-case s tu d y  approach. The u n it of analysis for 

these cases is tha t of the  instructor. W hile each case is em bedded in  contexts of 

vary ing  characteristics, they  all focus o n  teaching experiences em ploying  the 

sam e technological tool—C yclePad. The m ulti-site approach will allow  for 

cross-site com parison w hile still creating  a n  understand ing  of the ind iv idual 

sites (Crowson, 1993).

71
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Participants

For this dissertation, I chose to  stu d y  th ree  instructors. They w ere selected 

because they w ere actively engaged in  developing a n d  im plem enting 

CyclePad curricula in  their classroom s. These instructors had  used CyclePad 

for a t least tw o academ ic term s, w ere try ing  to im prove and  expand  their 

im plem entation and  w ere interested in  participating  in  educational research. 

They had  w orked and  collaborated w ith  o u r research group  for a t least two 

years and  w ere w illing to be v ideo taped  w hile teaching an d  interview ed 

abou t their instructional practices. There w ere several professors outside of 

the U nited States w ho also m et these criteria, how ever, d u e  to logistical and  

fund ing  constraints; they are  no t p a rt of th is study.

Table 8 show s the dem ographics a n d  am oun t of teaching experience of the 

three instructors in this study. The instructors ' identities are  anonym ous to 

p ro tect their privacy. Detailed profiles are  located in  the respective case 

studies (chapters four through  six).
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Table 8: Profile of teaching experience of participants

Professor R. Professor P. Instructor O.
Position Full professor Assistant Professor Lecturer
Tenure Yes No N/A
Credentials Ph.D., University o f 

Illinois, Urbana 1966
Ph.D., Yale 
University

Ph.D. candidate,
Northwestern
University

Teaching experience: 
No. of years 34 years 3 years None

Teaching Assistant None Several years Several courses
experience 
Other teaching 
experience

Second job at Johns 
Hopkins

Military Tutoring

University United States Naval 
Academy (USNA)

University of 
Arkansas at Little 
Rock (UALR)

Northwestern 
University (NWU)

College Division of 
Engineering and 
Weapons

College of 
Information Science 
and Systems 
Engineering

Robert McCormack 
School of 
Engineering

Department Mechanical
Engineering

Engineering 
Technology and 
Applied Science

Mechanical
Engineering

Gender Male Male Male

Setting

W hile the th ree  instructors have  in com m on their usage of CyclePad, the 

institutions th a t they  teach a t differ along m any dim ensions, e.g.: geography, 

type of institution, characteristics of the s tu d en t body, academ ic m ission, and  

technological resources (see Table 10). O ne reason for including schools in 

d ifferent geographic regions is th a t "m ost discussions o f engineering
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education fail to take in to  account the astonishing d iversity  am ong  the various 

schools, based n o t only  on  [school size, ABET regu la ted  curriculum , 

institu tion history a n d  trad itions, an d  specialization] b u t even  m ore on  

differences relating to  geography. Each institu tion has a synergistic 

relationship w ith  its local com m unity , d raw ing  m any of its studen ts from  the 

area and  sending  m any  of its g raduates to w ork in  local industries."(Florm an, 

1996, p. 185). Since th is is a  s tu d y  of engineering program s, a  professional 

degree, the local econom y is expected to influence w h a t an d  how  content is 

taught.
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Table 9: Institutional com parisons18

USNA UALR NWU
Institutional type 4-year college state university private university

Location Annapolis, MD (33 
miles from 
Washington, D.C., 30 
miles from Baltimore)

Little Rock, AK. Evanston, IL 
North of Chicago

Date founded 1845 1927 1851
Entrance Very Difficult Minimally Difficult Most Difficult
Tuition free (students must 

serve in military for 
five years post- 
graduation)

$3026 per year (in­
state residents)

$22,458 per year

Number of student at 
institution

3994 10,959 full and part- 
time students

15,436 students 
(7,619 undergraduate)

Faculty characteristics 
(number with Ph.D.)

600 (all full time, 95% 
with terminal degrees)

801 (497 full time, 
42% with terminal 
degrees)

2,649 (80% full time, 
100% terminal 
degrees)

Undergraduate: 
faculty ratio

7:1 15:1 9:1

Physical environment 338 acres small town 
campus

150 acres urban 
campus

231 acres small town 
campus

Endowment N/A $6.5 million $2.4 billion
Research Spending N/A $1.8 million $150 million

Subject Matter: Thermodynamics

In general, therm odynam ics is the stu d y  of energy: its transfer from  one 

location to ano ther o r transform ation from  one form  to another (such as w ork

18 This information was found at http://www.collegequest.coin/
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to heat). This can  also be explained as the system atic study  of the relationship 

betw een heat, w ork, tem perature, and  energy (Britannica Online, 1998). 

Therm odynam ics is a n  old  science w ith  its roo ts in  the 19th century. A t tha t 

time, the basic law s of therm odynam ics w ere  discovered  (conservation of 

energy, processes m ove tow ards greater en tropy , etc.). The practical 

applications of therm odynam ics include steam  pow er cycles, refrigeration 

cycles, an d  gas turbines that are  com posed of fundam ental com ponents such 

as turbines, p um ps an d  com pressors. This science w as key in  the 

industrialization  of the  country. C urren t research in  therm odynam ics is a t a 

h igher level than  w h a t is taugh t in  basic u nderg raduate  courses. Because this 

is a relatively o ld  science, the content that underg raduate  studen ts learn  in  the 

in troductory  courses is the fundam ental theories th a t a re  accepted by the 

scientific com m unity  as opposed  to study ing  the latest research findings. 

Therm odynam ics is one of the core topics in  m ost of the engineering majors, 

thus it is requ ired  for civil, industrial, m echanical an d  electrical an d  chem ical 

engineering students. O ften only the m echanical engineering studen ts are  

required  to take courses beyond the in troductory  sequence.
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As show n in Table 10, there is v a ria tion  as to  w ha t topics are covered  in 

sim ilar courses a t  d ifferent institu tions. For exam ple, UALR does n o t teach 

ab o u t en tropy  in their course. A t N orthw estern , w hich is on  the q u a rte r 

system , cycles are  n o t stud ied  un til th e  second therm odynam ics course.

Table 10: C om parison  of content coverage across courses

Basic Laws Cvdes Entropy
USNA (semesters) 
Applied Thermal Sciences

X X Not covered

UALR (semesters) 
Engineering Thermodynamics

X X X

NWU (quarters) 
Thermodynamics I

X Not covered X

NWU (quarters) (pre-requisite X (pre-requisite
Thermodynamics II knowledge) knowledge)

Articulate Virtual Laboratories: CyclePad Software

O ne of the  research goals of the  Articulate Virtual Laboratory Project is to 

explore how  to better su p p o rt s tu d en ts  in  developing  design  skills an d  

bu ild ing  subject m atter know ledge. Articulate Virtual Laboratories (AVLs) are 

softw are program s th a t can m ake b o th  conceptual design  tasks m ore 

accessible to  s tuden ts an d  prov ide explanations —the "how " and  "w h y "— of
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the science behind the ir designs (Forbus). To date , tw o d ifferent AVLs have 

been developed; CyclePad, for university  engineering students, and  the 

Feedback Articulate V irtual Laboratory, for h igh  school students. These AVLs 

include the follow ing softw are components:

• A conceptual CAD tool that students use to generate  an d  analyze 

their designs.

• A test environment th a t provides a setting for studen ts to rim  

sim ulations of their designs.

• A set of visualization tools to help studen ts understand  complex 

and  dynam ic relationships.

• An analysis coach th a t helps students evaluate their designs. The 

coach capitalizes on  the latest advances in  artificial intelligence, a 

qualitative reasoner, and  an  underly ing  know ledge base of the 

subject m atter to provide advice.
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• A design coach th a t m akes suggestions for how  a  student's design 

m ight be im proved.

PI T  □

Figure 10: C vclePad's build  m ode

CyclePad w as designed to teach therm odynam ics principles by allowing 

students to build , design and analyze therm odynam ic cycles, from  Rankine 

cycles to m ore com plex com bined cycles. In  build mode, studen ts are  given a 

se t of com ponents from  w hich to construct a  cycle (Figure 10). After they have 

built their cycle, they w ork in  analysis mode to  m ake m odeling  assum ptions 

about processes and  com ponents (e.g., heaters and  turbines) and  their
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associated inlet an d  o u tle t states. O nce the s tu d en t has specified enough  of a 

cycle, CyclePad can calculate th e  rem aining  values. S tudent can  access 

C yclePad's underly ing  know ledge base to find o u t how  a value w as derived  

o r to  ask  w hat da ta  is needed  in  o rd er to  com plete a calculation. For exam ple, 

studen ts can ask  questions su ch  as "W hy does the  efficiency equal 48%?" or 

"H ow  can I com pute shaft p o w er fo r the turbine?" Then C yclePad show s the 

form ulas, assum ptions a n d  n um bers u sed  (or needed) to  arrive  a t  those 

values. The studen t can con tinue  to  query  CyclePad's answ ers to follow  its 

chain  of reasoning.
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Figure 11: CyclePad's sensitivity tool

U nlike o ther therm odynam ics softw are, CyclePad has a num ber o f tools to 

help  studen ts understand the relationships betw een param eters (Forbus, 

1997). The sensitivity tool (Figure 11) perm its a s tu d en t to see how  a 

param eter is affected by vary ing  ano ther param eter, e.g., how  therm al 

efficiency varies w ith the p ressure  a t a  certain  state point. CyclePad can  also 

notify  the stu d en t w hen it  detects contrad ictory  design  assum ptions a n d  force 

the  s tu d en t to m ake changes. S tudents can  com pare cycles using  d ifferent 

substances including ideal gases, w ater, R232 and  m ethane. The p rog ram  has 

an  econom ic m odel that s tuden ts use to  calculate the real-w orld  costs of 

bu ild ing  an d  operating system s. The com bination of these features lets
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students design  and  analyze sim ple to com plex cycle. In ou r design  of 

CyclePad, ou r goals w ere to:

• Enable studen ts to  design , m ake conjectures, an d  explore possibilities 

in cycles

•  Serve as a  m onitoring a id  d u rin g  the problem  solving process

•  Free studen ts from  the  b u rd en  of tedious num erical an d  algebraic 

m anipulations, thus p ro v id in g  tim e for focusing on  broader concepts

• Allow students to investigate designs to develop their conceptual 

understand ing

• Focus s tuden ts on  the im portance of m aking assum ptions in  

engineering problem s

Instruments and Data Collection

Several m ethods w ere u sed  to docum ent teaching practices: interview s, 

classroom  observations and  artifact analysis. M ultiple approaches are
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necessary to be able to query  the instructors abou t w h a t w as observed in  the 

classroom  and  to  learn  m ore about their personal histories, values and  

teaching beliefs due  to the tacit na ture  o f teacher's pedagogical know ledge 

(Lenze, 1995).

In terv iew s

A sem i-structured approach  w as u sed  for interview s. A n initial list of 

questions w as developed based on  those used  in  G rossm an 's study  of new  

high  school English teachers (Grossm an, 1990). These questions w ere m odified  

to app ly  to engineering schools and  therm odynam ics courses. In practice, the 

list of questions (see A ppendix A) w as u sed  as a guideline to  m ake sure  all 

areas w ere covered in  conversations. Interview s typically took place in  hour- 

long sessions, often several times in the course of tw o or three days. For the 

instructor based a t N orthw estern, these conversations w ere spread  o u t over 

the course of an  academ ic term. Topics covered were:

•  K now ledge/conceptions of therm odynam ics and  teaching 

therm odynam ics
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•  Prior experiences that influence teaching practices

• Views on  engineering education  a n d  personal h istory

• Pre-sem ester - cu rricu lum  p lanning

• Post-sem ester -  reflections on  CyclePad experience

Each partic ipan t responded  to  the  questions in  term s of w h a t w as critical 

or m ost im portan t to  his o r her conceptualization o f teaching; hence, the  

responses w ere h ighly  individualistic. For the tw o  rem ote locations, 

interview s occurred d u rin g  site visits, via telephone, an d  th ro u g h  e-m ail. 

Interview s took place d u ring  the te rm  w ith  the exception of the post-sem ester 

interview  th a t took place in  the follow ing term . All in terview s w ere tape- 

recorded and  transcribed. Included in  this w as also e-m ail correspondence 

betw een the researcher and  the participants.
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O bservations

I observed each instructor teaching a  m inim um  of e igh t tim es over the 

course of th is study . I m ade few er observations a t the  rem ote locations d u e  to 

logistical constraints w ith  travel. I tried  to observe the instructors teaching the 

sam e topics (lectures a n d  labs on  Diesel o r O tto cycles19) to have som e 

consistency across sites. I observed class periods in  w hich  CyclePad w as used 

as well as those th a t w ere  just lectures. I took field notes and  v ideotaped  som e 

of the classroom  visits. W hen v ideo tap ing  the classes, one cam era w as used  

w hich w as prim arily  focused o n  the instructor b u t also included som e 

instructor-student interactions (if any  occurred). All videotapes w ere 

transcribed an d  later coded  as described below  in  th is chapter.

19 These are two specific closed cycles taught in all three of the courses. I chose these because 
they are cycles used in automobiles and thus have the potential of being linked to real- 
world systems that are familiar to students.
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A rtifact C ollection

A t all sites, I collected several types o f artifacts: syllabi, assignm ents, 

textbooks and  s tu d en t w ork  (see Table 11). O ther item s th a t w ere relevant to 

CyclePad usage, such  as journal papers abou t CyclePad o r professor's surveys 

of students, w ere collected w hen  available. All item s w ere coded and the 

results w ere  com piled into the com posite reports.

Table 11: Artifacts collected
Professor R.

(USNA)
Professor P. 

(UALR)
Instructor O. 

(NWU)
Syllabi X X X
Assignments X X X
Student work X X X
E-mail correspondence X X X
Textbook X X X
Course web pages N/A X X
Student surveys X X X
Publications:
Published journal articles

X N/A N/A

Conference papers X X N/A
Working papers X X N/A
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Data Collection

D ata w as collected betw een  1996 an d  1999, as detailed  in  Table 12 a n d  

Table 13.

Table 12: D ata Collection by  school year

Instructor B.

'95T96 •96/’97 '97T9S “98/,99

Table 13: D ata collection details

Year Professor R. (USNA) Professor P. (UALR) Instructor O. (NWU)
1996-97 Engineering 

Thermodynamics (Fall, 
Spring)
Energy Conversion 
(Spring)
• student surveys
• meetings

N/A Thermodynamics //(Fall)
• student surveys 
Thermodynamics I  (Soring)
• student surveys 
Studv of several students 
using CvclePad (Summer)
•  student observations
• student surveys
• artifact collection

1997-98 Engineering 
Thermodynamics (Fall), 
Energy Conversion 
(Spring)
•  classroom 

observations
• student surveys
• artifact collection
•  interviews

Applied Thermal Science 
(Fall)
•  classroom observations
• student surveys
• artifact collection
• interviews

Thermodynamics //(Fall)
• classroom observations
• student surveys
• artifact collection
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1998-99 Engineering Applied Thermal Science Thermodynamics //(Fall)
Thermodynamics (Fall) •  classroom observations
(Spring), Energy •  classroom observations •  student surveys
Conversion (Spring) •  student surveys • artifact collection
• classroom • artifact collection Thermodynamics /  (Sorinel

observations •  interviews (in Spring •  classroom observations
• student surveys too) • student surveys
• artifact collection •  artifact collection
• interviews • interviews (Summer)

Data Analysis

The m ethod for coding the  d a ta  is described below. This m ethod  w as used 

to  code all types of da ta  regard less of the source (i.e., interview , survey , 

artifact or observation). The m ultip le  sources of da ta  w ere used  for 

triangulation. By using  the  sam e coding  schem e across all types o f da ta , I was 

able to see w hether pa tterns a n d  them es persisted  from  one source to  another. 

For example, classroom  observations w ere com pared  w ith  instructo r's  

descriptions of their teaching  in  in terview s an d  via e-mail. S tu d en t surveys 

provided an  additional perspective o n  the classroom  experience. A t tw o of the 

schools, the instructors tau g h t tw o sections of the  same course. This allow ed 

m e to look for consistency in  teaching  betw een classroom  observations of the 

sam e lessons.
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In itial C od ing

For an  initial coding schem e, I used  G rossm an's four categories of 

pedagogical con ten t know ledge —goals a n d  purposes for teaching, know ledge 

of students, curricu lum  and  instruction. I created subcategories for these 

topics as they  em erged in  the d a ta  as show n in Table 14. U sing th is schem e, I 

coded each indiv idual idea o r thought. W here appropriate , m ultiple codes 

were applied . I started  w ith  th is initial coding scheme to analyze the da ta  from  

UALR. In do ing  so, other codes em erged th a t were beyond the scope of 

G rossm an's m odel. For exam ple, I developed codes specific to CyclePad and  

technology th a t I added  to m y coding scheme.
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Table 14: C oding Scheme exam ple

Knowledge of Conceptions and Purposes for Teaching Thermodynamics with C ydePad
Goals and purpose 
Ideas
Course specific 
What it isn’t good for:
Email problems 

Knowledge of CydePad-based Curriculum  
Textbook critique/criticism 
Sequencing 
Course integration 
Curriculum development 
Horizontal integration 
Vertical integration 
Curricular Issues with CP 

Knowledge of Instructional Strategies with C ydePad 
representations 
Instructional strategies 
Motivation & instruction 
Grading

Teaching Specific concepts with CydePad
Critique of current teaching 
Course description

Context
Department politics/structure 
School level 
Students 

Students
Student learning 
Student motivation 
Miseducation 
Misconceptions 

Ideal teaching
Critique of current teaching 

Instructor’s background
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R efined  C od ing

The resu ltan t cod ing  schem e w as th en  used to analyze the o th e r tw o cases. 

Again, as needed, I c reated  new  codes to  account for da ta  th a t d id  n o t fit 

w ith in  the  original schem e. M any of the  new  codes w ere specific to  the 

educational institution. For exam ple, a t  UALR, I needed codes th a t re la ted  to 

engineering  technology. A t USNA, there  I needed codes re la ting  to u sing  

CyclePad in  research. These new  codes I added  to the scheme a n d  u se d  to re­

code certain  bits of d a ta  in  the  prev ious cases.

C om posite  R eports

After initial cod ing  of all docum ents (interviews, observations a n d  

artifacts) for each case, I created a  docum ent organized by the top ics used  in  

the coding scheme. U nder each topic, I sum m arized  the respective da ta , 

indicating the location of the original source m aterial. Thus, for any  one 

sum m ary  idea, I m ig h t list several pieces of data. By clustering th e  d a ta , I
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could d istingu ish  betw een isolated instances of a n  even t o r though t a n d  larger 

patterns. Patterns w ere defined  as m ultip le  instances th a t w ere ab o u t a sim ilar 

topic (Miles & H uberm an, 1994).

T rustw orth iness

T hroughou t the  tw o  years I have been  w ork ing  on  this project, I have 

shared  the resu lts of m y research w ith  those involved. A t various points, the 

three instructors have rev iew ed conference p apers  an d  journal articles abou t 

their classroom s. A dditionally , I have subm itted  conference paper proposals 

w ith  bo th  Professors R. an d  P. They also w ere  g iven  the o pportun ity  to read  

rafts of the  chap ters in  th is dissertation to  check accuracy clarify poin ts an d  

provide feedback.

D ata  P resen ta tio n

Each case is p resen ted  in  a separate chap ter, beginning w ith  a profile o f the 

participant. The profile includes the in structo r's  dem ographics, past teaching 

experience, w o rk  setting  a t the tim e of the  stu d y , an d  personal goals and
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preferences. I describe the teaching context: university , departm ent, classroom  

and  students. Follow ing this, I discuss the  C yclePad im plem entation in  term s 

of the curricu lum  developed and  instructional strategies used. I discuss how  

their know ledge of studen ts is a  gu id ing  force in  the instructional and  

curricular decisions they make. The final section of each case chapter presents 

a contrast betw een the professors' enacted CyclePad curriculum  and  their 

ideal vision of how  the software could  be im plem ented.
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CHAPTER 4 

PROFESSOR P. AT UALR

This case is an  exam ple of narrow  curricu lar usage of CyclePad w ith  a  goal 

of in tegrating  it broadly  in to  the curriculum . The context of use is w ith in  an  

engineering technology p rog ram  rather th an  engineering sciences. The 

professor perceives the p rog ram  context as requ iring  a  greater focus o n  hands- 

on  applied  teaching  of therm odynam ics. The professor, in  his th ird  year of 

teaching, is a n  innovator— finding creative w ays to  in tegrate CyclePad w ith  

other educational softw are products a nd  innovative pedagogies. Yet, in  

striving to w ard s his ideal vision of teaching therm odynam ics, o ther forces a t 

the university  com pete for his tim e and  energy  and  thus he d o esn 't fully 

integrate CyclePad into the curriculum .

This c hap ter begins w ith  a  description of the  professor an d  his w ork  

context. This is follow ed by an  analysis of h is teaching w ith  CyclePad and  his 

ideal vision o f teaching. The chapter concludes w ith  a  com parison of his real 

versus ideal teaching.

94
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Instructor Profile

Professor P. m e t o u r research g roup  in  the sum m er o f  1997 a t the  Am erican 

A ssociation for E ngineering E ducation (ASEE) N ationa l Conference in  

M ilwaukee. W hile a t  the conference, he saw  a d em o n stra tio n  of CyclePad and  

becam e in terested  in  collaborating w ith  o u r research  g ro u p . H e h a d  recently 

received his Ph.D. from  Yale U niversity in  M echanical E ng ineering  and , a t the 

p o in t of our first m eeting , w as abou t to begin his second  year of teaching at 

the U niversity of A rkansas a t  Little Rock (UALR). H e fe lt a  connection to our 

research  g roup  as he  done his underg raduate  w ork  in  M echanical Engineering 

a t N orthw estern  U niversity  a n d  h ad  spen t several su m m ers living in  the 

Chicago area an d  w ork ing  a t A rgonne N ational Laboratory .

Entry into Teaching

After g raduating  in  1982 w ith  a  B.S.M.E. from  N o rth w este rn  (w here he 

w as a  ROTC studen t), Professor P. served  as an  officer o n  a  nuclear subm arine 

in  the U.S. Navy. A t the U.S. N avy Leadership an d  M anagem en t Instructor 

School he learned pedagogical theories, principles o f leadersh ip  an d
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m anagem ent an d  h ad  the opportun ity  to  practice teaching. H e g raduated  

from  th is p rog ram  w ith  academic distinction, rank ing  first of ten. A fterw ards, 

he sp en t th ree  years as a  Subm arine Officers Basic C ourse Instructor a t  the 

U.S. N aval Subm arine School w here he tau g h t subm arine engineering and 

tactical system s, operations, and  leadership  a n d  m anagem ent courses. He w as 

selected as "Instructor of the  Q uarter" d u rin g  this experience.

H e describes his m ilitary service as the  only  form al training in  pedagogy 

that he  received before becom ing a professor:

The N avy  is really into curriculum  developm ent and instructional 

m ethods an d  so w e [had] learning objectives for everything. It's 

v e ry  laid  o u t and  organized before any th ing  gets taught. So I had  

in structo r train ing  for ten  w eeks — w hich  is ten  w eeks longer than  

m o st g rad  students! — and then  I tau g h t full time. I learned all 

k inds of th ings in  that environm ent, b u t no  teacher I ever h ad  d id  

those things. (Professor P. Interview  Septem ber 1998; tape 3 p. 3)
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Professor P /s  teaching experience continued as a  g raduate  studen t a t Yale 

w here he taugh t several d ifferent courses (as both  a teaching fellow an d  a 

part-tim e acting instructor) including Fluid and  Therm al Energy Science. 

Professor P /s  father is a  retired  professor of m echanical engineering. W hen 

asked w he ther his father h ad  pushed him  tow ards a  sim ilar career, Professor 

P. said  th a t his father h ad  probably encouraged h im  to study  engineering b u t 

not necessarily to become a  professor. W hen it cam e tim e to apply  for jobs 

while fin ishing his Ph.D., Professor P. considered teaching positions a t both  

colleges a n d  private h igh  schools. He h ad  tw o job offers, one from  a  private 

N ew  E ngland high school an d  the other, w hich he accepted, a t  UALR. In  m y 

discussion w ith  Professor P., he m ade it clear tha t he w as m ore interested in 

teaching th an  in research (although he said he w as in terested in  research on 

education). O f the instructors in  the three cases presented here, he w as the 

only one w ho  read the engineering education journals (e.g., Prism , Journal of 

E ngineering Education, and  Journal of Engineering Technology). H e w as 

happy  w ith  his decision to com e to UALR as he and  his wife had  family in  the 

sou thern  U.S.; however, he m entioned longingly tha t 1997 h ad  been a bad
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year for academ ic positions and  th a t the cu rren t job m ark e t (1999) he ld  m any 

m ore opportun ities for doctorates.

Professional Context

University

UALR is a s ta te  school w ith  approxim ately  10,1)00 full an d  part-tim e 

students an d  o v er four h u n d red  full-tim e faculty  m em bers. It is located on 150 

forested acres ju s t fifteen m inutes from  dow n tow n  Little Rock. D espite being 

located in the sta te  capital, UALR has secondary sta tus to the U niversity of 

A rkansas a t Fayetteville (UAF) branch. H istorically, th is has led  to preferential 

treatm ent for UAF in policy m atters (as m any of the sta te  politicians are UAF 

graduates).

In 1999, the  university  board  app roved  the expansion  of UALR's 

engineering school w ith  the add ition  of a new  d epartm en t w ith  tw o new  

majors a t UALR. In  m any of m y discussions w ith  Professor NJ, he  discussed 

the uncertain ty  o f his potential role in  the p roposed  new  school. Professor P.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



99

w a sn 't su re  if he  w ould  en d  u p  w orking in  the new  d ep artm en t or staying in 

his c u rren t d e p a rtm e n t H e feared that if he sw itched to  the  new  school, that 

his tenure  clock w ou ld  be reset.

Department/College

Professor P. holds a  jo in t appoin tm ent in  E ngineering Technology and 

A pplied Science in  the C ollege of Science and  E ngineering Technology. W hile 

engineering  degrees p repare  students to be researchers a n d  designers, 

engineering  technology (ET) degrees are in tended  for technologists w ho run  

m achinery an d  ho ld  the types of jobs th a t require  m ore "hands-on" 

know ledge ra th er th an  theoretical know ledge.

Professor P. felt that be ing  part of an  ET program  h ad  pedagogical 

im plications fo r w hich  h is p rio r experience and  train ing  d id  n o t provide 

useful exam ples o r role m odels. H e explained that:

So a lm ost all o f us [the professors] com e o u t of engineering  

program s. So w hen  you  teach a course in  therm o y ou  tend  to do  it
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the  w ay  you w ere taught. ...I d o n 't th ink  engineering technology 

shou ld  just be engineering m inus the m ath. T hat's, to me, no t 

w o rth  having. It shou ld  be engineering m inus the m ath  p lus 

som ething. A nd the som ething is supposed  to be practice oriented, 

hands-on  ... (Professor P. Interview  Septem ber 1998; tape  6 p. 4)

Professor P. felt th a t ET as a  field had  m issed its chance to  significantly 

differentiate itself from  engineering as engineering  program s w ere  changing 

to be m ore hands-on by requ iring  students to  do  m ore design a n d  laboratory 

work. H e w as frustrated  th a t recent legislation had  changed the rules abou t 

eligibility for the Professional Engineering (PE) exam  by disallow ing 

engineering technology studen ts to sit for the  exam . W hile the certification is 

no t necessary for all jobs, the decision served  to lessen the value of an  

engineering technology degree. H e lam ented th a t the fu ture of the  ET degree 

w as uncertain  and  th a t it h ad  m issed an  earlier opportun ity  to differentiate the 

degree from  engineering science. He explained:

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



101

So, in  the m inds of m ost people, and  it is probably the tru th , is that 

engineering technology is m ore like engineering m inus som ething. 

It's hard  to find  the  p lus the p a rt that ou r students get th a t 

engineering studen ts don 't. Especially since engineering program s 

have shifted w ith  m ore of a design em phasis, so they are  m ore 

practice oriented. Basically w e d id n 't  fulfill the needs of industry  to 

create practicing engineers, so they w ent back to engineering 

program s and  sa id  you  guys have got to be m ore practice oriented, 

this research em phasis is killing us. Your g raduates com e u s and  

they can 't do anything. We need to be able to hire people w ho  can 

do  som ething from  the beginning—produce. So they listened and  

added  in the professional design and the capstone design, the 

accreditation has changed to require tha t —, and  basically 

engineering technology then  loses its reason for existence. So that's 

w hy 18 states now  d o n 't  let engineering technology graduates even 

sit for the PE exam , even though  in  the original scheme of th ings 

engineering technologists should  have been m ore o riented tow ards
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th a t — b u t it never tu rn ed  out. (Professor P. in terv iew  Septem ber 

1998; tape 6 p . 4)

W ith the po ten tial changes loom ing for the departm en t, Professor P. 

speculated tha t the  m echanical engineering technology program  m igh t try for 

engineering accreditation in  the future.

Course and Classroom

For this d issertation, I fo llow ed Professor P /s  teaching of Applied Thertnal 

Sciences in fall te rm  of bo th  1997 an d  1998. In  term s of con ten t coverage, the 

course is analogous to the fu ll year therm odynam ics course sequence taught 

in  engineering sciences program s. The class m et in  bo th  a  regu lar classroom  

(row s of desks w ith  b lackboard in  front) and , on  lab days, in  a  room  w ith 

approxim ately th irty  P en tium  com puters a rranged  o n  long tables four rows 

deep.
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Research in the classroom

Professor P. w as beg inn ing  to use his teaching as a site for doing  research. 

H e w on  an  aw ard  a t  a  regional ASEE conference for p ap er he w rote tha t w as 

abou t using  CyclePad in  his '97  A pplied Therm al Sciences course. H e h ad  also 

subm itted  a paper to  the  Journal of Engineering Technology (JET) b u t he 

described it as "so rt of anecdotal -  p] com pared  the s tu d en t evaluations form  

one year to another." JET w as in terested  in  the paper b u t asked for m ajor 

changes. W hile P rofessor R /s  teaching-related research focused on  curriculum  

developm ent, P rofessor P. w as interested in  studen t learning.

He explained the  difficulty of do ing  research a t a  state school that h ad  a 

dual mission:

It's k ind  of a  chicken-egg situation. [The adm inistration] says "if 

you  get the g ran t w e 'll give you release time" b u t if I d o n 't  have 

release tim e h o w  can  I do  the prelim inary research to  get the grant?

You need p relim inary  research to get a g ran t now  a  day. Some 

people w ould  p refer i t  to be a  teaching place b u t som e people
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w ould prefer to see a certain  segm ent shift to research- (Professor P. 

Interview  Septem ber 1998; tape  2 p. 9)20

For these reasons, educational research fit better into Professor P.'s 

professional career than  engineering research as he has a  h igher teaching load 

than  professors d o  a t research universities. The tension betw een research and  

teaching a t UALR is com m on to  o ther state colleges and  com prehensive 

universities w here  there is a h igh  com m itm ent to teaching, yet also 

institutional hopes of developing the prestige of a research university (Austin, 

1992).

S tudents

In the classes tha t I observed, the  students w ere predom inantly  white and 

male. The class size was small, typically betw een ten  and  tw elve students. The 

average age of the  UALR students is 27, so m any have h ad  experience in the

20 Professor P. can't increase his salary by getting grants. This reduces the incentive to do 
research compared with NWU (Professor P. Interview September 1998; tape 3 p. 1)
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w ork force a nd  continue to  w ork  as they a tten d  school (often called "non- 

trad itional" students). M any of the m echanical engineering technology (MET) 

majors are em ployed full-tim e in  engineering-related fields. They see the ET 

degree as a  pathw ay to h igher paying, m ore up w ard ly  m obile careers.

Teaching with CyclePad

In th is section I focus on  Professor P /s  actual im plem entation of CyclePad 

in his classroom . There w ere three im portan t w ays in  w hich he in tegrated the 

softw are in to  his curriculum :

• as ano ther form  of representing the subject m atter to his students

• w ith  another softw are p rogram  to p rom ote  literacy

• as a link to studen ts ' p rior know ledge of the  w orld

Instruction: New Forms of Representations

Professor P. w as inform ed about educational research from  several sources

including the publications of A m erican Association for Engineering E ducation
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(i.e., Prism , an d  the  Journal o f Engineering E ducation) an d  the Journal of 

Engineering Technology. H e m entioned  stud ies h e  h ad  read  abou t how  using  

m ultip le instructional m ethods can  benefit s tu d e n ts  by  offering them  m ultiple 

w ays (e.g., text, class, o r web) to  learn  m aterial. H e  explained:

[Students] can  listen  to  lecture, they  d o  in teractive  things in class, 

they can listen  to a  v ideo  on  the w eb, they  c a n  read  the textbook, 

an d  they can  read  tex t on  the web. All these d ifferen t w ays of 

dealing  w ith  the  course m aterial give them  a n  opportun ity  to learn 

in  a  w ay th a t fits their learn ing  style. (P rofessor P. Interview  

Septem ber 1998; tape 3 p. 3)

For this reason, Professor P. kep t inform ed a b o u t new  technologies and 

trends an d  felt it w as im portan t to incorporate n e w  program s in his classes.

Professor P. w as particu larly  interested in  fin d in g  educational resources for 

Applied Thermal Sciences. UALR lacked re levan t labo ra to ry  equipm ent and 

adequate  budge t to purchase the costly equ ipm en t necessary for 

therm odynam ics laboratories. Professor P. h ad  se en  laboratory equipm ent a t
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the ASEE conference b u t it cost over ten  thousand  dollars, which he knew  w as 

far beyond the reach of the  departm en t's  resources. W hen he saw  the 

CyclePad softw are. Professor P. w as looking for som ething that could give his 

students a  "hands-on" experience in his A pplied T herm al Science course — a 

course designed to be equal parts lecture and  p a rt laboratory. He though t 

CyclePad could  be u sed  for the laboratory p a rt of the course. He w rote to me 

in  e-mail:

W e d o n 't  have an  engine laboratory, a  gas turb ine laboratory, or a 

steam  p lan t laboratory , so CyclePad will give [the students] a 

v irtua l laboratory experience w ith  these cycles. I hope that 

CyclePad helps them  see the big picture o f therm odynam ic cycle 

analysis, by letting  them  avoid repetitive and  tedious process 

calculations. (From  e-m ail 9 /11 /98 )

Part of the need  for o ther approaches to therm odynam ics arose from  the 

nature of the p rogram  in  w hich Professor P. teaches. Engineering technology 

students have a  m uch  low er m athem atical background than  engineering
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sciences students. The ET students are still learn ing  algebra while the latter 

group is into calculus. The ET approach to  therm odynam ics is w atered  d o w n  

in term s of the level of mathematics that it  expects studen ts to know  an d  

exposes students to. W ithout know ledge of calculus, it does not m ake sense to 

spend class tim e deriv ing  form ulas and  explain ing  proofs (which use 

derivatives an d  integrals). Professor P. felt s tu d en ts  could instead use the  tim e 

to experim ent w ith  CyclePad and  "quite possibly, learn  m ore about 

therm odynam ics as a  result."21 Professor P. felt th a t understanding  

therm odynam ics from  a qualitative perspective is of value, even m ore 

valuable than  a  quantitative perspective, for the  studen ts ' future w ork  in  

industry. H e explained his pragm atic position:

In industry  you 're  going to have com puters codes tha t do alm ost all 

the num ber crunching..."W ell, do  you like the num ber that the 

com puter gave you?" "H ow  else can I m odel it?" — those are 

qualitative decisions not quantitative o n e s . ... It's the qualitative

21 From Professor P /s conference paper.
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m odel bu ild ing  th a t is the real key. I th ink  it 's  possible to learn a  lo t 

m ore abou t therm odynam ics w ith  C yclePad th an  the w ay I learned 

it, very quickly. (Professor P. Interview  Septem ber 1998; tape 1 p. 8-

9)

Professor P. w an ted  studen ts to be able to  link  the  intuitions that they 

gained from  using  C yclePad w ith  m athem atics. H e  w ou ld  have studen ts 

experim ent first w ith  CyclePad and  then  in  a  la te r class he w ould  explain the 

m athem atics beh ind  w h a t they had  experienced. H e  explained his rationale of 

this pedagogical approach :

I th ink it [the form ulas] will m ean m ore to  th em  after they 

experim ent w ith  CyclePad and  they say, "W h a t affects 

efficiency22?" a n d  then  next week, w e 're  g o ing  to  derive some of 

those form ulas for efficiency and  it w ill sh o w  that, "Hey here 's this 

form ula th a t show s that, yes, it is the com pression  ratio  and  you 

found th a t w h en  you  d id  your experim ents." A nd  I th ink  that will
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be m ore m eaningful to them , seeing th a t second, ra th e r than  first.

It 's  all so rt of experim enting  in the v irtua l lab  a n d  [finding] th a t o u t 

for them selves. [Then] the pow er of equations confirm s that.

(Professor P. In terv iew  Septem ber 1998; tape  6 p. 1)

For exam ple, in  one class, Professor P. h a d  h is s tu d en ts  create pressure- 

volum e (P-v) plots of cycles and  then  try  to  bu ild  th em  in  CyclePad. A lthough 

they  strugg led  w ith  the  task, Professor P. felt th a t it  w as good  for the studen ts 

to try  to see the connection betw een the g rap h s an d  th e  com puter so th a t they 

u n d ers tan d  th a t the g raphs have m eaning. H e to ld  m e th a t he  w ould  use a 

la ter class period  to explain  how  to  in te rp re t g raphs a n d  CyclePad m odels. He 

felt th a t since the studen ts had  struggled w ith  the  task, they  w ould  be m ore 

invested  in  the process an d  get m ore o u t o f his explanation.

22 A  measure of cycle performance.
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Literacy; WebCT and CydePad

Professor P. h ad  read  about WebCT23 (a tool th a t facilitates the creation of

sophisticated w eb-based educational environm ents by  non-technical users) in 

the Chronicle of H igher Education, dow nloaded  it an d  "appointed" him self to 

be the university  W ebCT adm inistrator over the sum m er of 1998. He received 

sum m er fund ing  from  the university to im plem ent W ebCT and  m oney to  

arrange for a  site license. In addition to u sin g  the softw are for his courses, he 

trained  o ther professors and instructors o n  h ow  to  create on-line m aterials for 

their courses.

H e felt th a t W ebCT benefited professors, an d  him self, by allowing 

instructors to concentrate on the course con ten t ra ther than  having to lea rn  

how  to p rogram  HTML. The softw are has struc tu res bu ilt into it to m ake it 

easy to create course pages that can include syllabi, curricu lum  m odules, on ­

line exam s an d  o ther links. In addition  to au tom ating  w eb page creation, 

WebCT has several built-in com m unication packages th a t allow  for course

23 WebCT is now owned by Universal Learning Technology in Cambridge, MA
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bulletin  boards, e-mail, an d  chat. Students can also create their ow n w eb pages 

and  p u t their presentations and  papers on-line. Professor P. used  all of these 

features w hen  he p u t his 1998/99 A pplied T herm al Sciences course on-line.

Figure 12 show s an  exam ple of one of the  m odules th a t Professor P. 

created  in  W ebCT. In this exam ple, he created  a  hom ew ork assignm ent in  

w hich studen ts read  textbook chapters th a t include content on  engines an d  

engine optim ization  and then  analyze a  sim ilar system  in CyclePad. The 

studen ts are asked  to post a n d  discuss their answ ers in  W ebCT's bulletin 

board.
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Figure 12: One of Professor P.'s WebCT modules on CvdePad

Coarse M orales

M n A il. 1 - T h .  Td—l Ota Lmr 
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Moduto 3: T* —
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1 Module 5: Clo«»<« T t .w n .tm i  
Cycles
M odule 6: O p en  «—>
Cycle*

Module 5
Closed Thermodynamic Cycles
Hom ework A i s t f m a t

1. ReadKamm Ch. 11.12. and IS
2. Do the following problem:

o Problem 2. in Hamm Ch. 11 
° Analyze die “rectangular* cycle:

1. Initial conditions we PI =  14.7 psia. VI = 2 cubic feet. T 
= 70 degrees Fahrenheit

o Process 1 is isobahc to V2 = 1 cubic foot 
o Process 2 is isodtoric to P3 — 29.4 psia. 
o Process 3 is isobaric to V4 = 2 cubic feet 
o Process 4 is isochosic to PI = 14.7 psia.

2. Plot the cycle onaP-V diagram
3. Calculate Q.W, and tfae change in IT for each process.
4. Calculate the total Q. total W, and total change in TT ford 

cycle (e.g.. Qtot= Q12 + Q23 + Q34 + Q41).
5. Calculate the tfaennal efficiency oftfae cycle, Le.. 

eta-thennal= Wtot / Qin.
6. How could the thermal efficiency oftfae ’rectangular* cycl 

be improved?
7. Discuss your findings on the course bulletin board.
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Educational Goal: Literacy

T hreaded th ro u g h  Professor P /s  instructional strategies is the com bining 

of his goals of con ten t understand ing  w ith  literacy practice. Professor P. 

w anted  to im prove up o n  the typical engineering  course in  w hich students are 

graded  on  ge tting  the righ t answ er and  no t encouraged  to w rite  up  their 

hom ew ork o r lab  w ork  using  anyth ing  besides form ulas and  num bers.

In his second year of teaching, Professor P. becam e concerned w ith  

students ' literacy. A t a  m eeting of the M echanical Engineering Technology 

Industrial A dvisory Com m ittee, Professor P. "h ea rd  there ... that 

com m unications, team w ork, and  'people skills ' a re  a t least as im portant as 

engineering skills."24 It became his m ission in  each  course he taugh t to link 

literacy skills w ith  content know ledge. H e explained  how  shocked he w as by 

his studen ts ' lack of verbal skills:

H ow  can  th is person  have a high school d iplom a? H ow  can this 

person be adm itted  to  college? H ow  can  I teach engineering if they
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are a t  a  th ird  g rade reading  level? ... I 'm  n o t one hundred  percent 

sure  in  m y advanced  classes th a t there a re n 't  som e people w ho 

can 't read . I m ean, they have very, very rem edial reading bu t no t 

sophisticated. I s ta rted  [assigning papers]... first in  m y freshm an 

class, they  w ere so atrocious, an d  I thought, "A m  I sending people 

on  to  get degrees th a t can 't do  any better th an  this w ith  language?" 

T hat really  gave m e a  problem  because I d o n 't  really know if I can 

live w ith  m yself if I 'm  part of that. ...That's partly  w hy  I like the 

W ebCT a n d  the studen t presentation p a rt of it. (Professor P.

In terview  Septem ber 1998; tape 7 p. 3)

H e felt th a t verbal skills were im portan t today  because the nature of 

engineering h ad  changed. H e experienced this personally in  the N avy w here 

he told m e, "A ll I d id  w as comm unicate. The enlisted guys did all the w ork 

w ith  the valves.... I ju st d id  paperw ork."25 H e elaborated:

24 From e-mail to me 9 /11 /88
25 From Professor P. Interview September 1998; tape 2 p. 7
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W hen I w as a  k id , engineers used to u se  slide rules. So w h a t d id  

g raduate  engineers u se d  to do? They g o t assigned to  a  little cubicle 

som ew here — like a  civil engineer m igh t do stress calculations on  a 

bridge an d  com pute  the  reaction loads a t  each joint. It's  ju st tedious 

m undane calculations ju st over an d  o ver from  one e n d  o f the 

bridge to  the other; th ey 'd  ju st do  it by  hand. T here 's a  certain  

social personality  th a t w o u ld  be a ttrac ted  to th a t k in d  of w ork  

isolated from  others, do ing  repetitive w ork. But com pu ters d o  all 

th a t stuff now , so engineers — w hether engineering technology or 

engineering science s tuden ts — m ainly w h a t they  d o  is 

com m unicate by  e-m ail, phone, technical reports, proposals, [and] 

w eb pages. T hat's m ostly  w h a t the job is. That's w h y  I a d d e d  those 

[the p ro jects/ papers] in  because I feel like I have to have m ore. I'll 

have everybody w rite  a n d  speak in m y  classes an d  I 'll have done 

m y part. W hen s tu d en ts  g raduate  from  college, they  w ill have 

w orked  on  som e of these skills. (Professor P. In terv iew  Septem ber 

1998; tape 2 p. 7)
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In  the  1998/99 school year, W ebCT becam e instrum ental to Professor P /s  

desire  to  im prove the com m unication skills of his students. H is belief that a  

p ro g ram  like W ebCT could  help s tu d en ts  im prove an d  practice their 

com m unication  skills w as founded o n  stud ies o f d istance learn ing  th a t he had  

read  w hich  found  tha t students d id  m ore  w riting  an d  learned  m ore by 

practicing  w riting. A lthough his course  w as n o t a  d istance-learning course, he 

felt th a t the s tuden ts could  still reap  th e  sam e benefit from  being required  to 

use  the  features of WebCT.

O n-line Discussions

Professor P. used  the  bulletin boards fo r studen ts to post laboratory results 

a n d  g e t feedback. H e tried  to give s tu d en ts  feedback tha t m igh t engage 

s tuden ts  in  discussion ra ther than  offering  rem ediation. For exam ple, students 

w ere  asked  to investigate the relationship  betw een the com pression-ratio and 

efficiency in  a  Diesel cycle using C yclePad. Professor P. asked them  to post 

their results to the class bulletin board  H e  explained: "I ask  them  questions, 

try ing  to provoke m ore discussions ra th e r th an  confirm  or deny their
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findings26." Professor P /s  teaching strategy is illustrated in  the  excerp t from  

the class bu lle tin  board in  F igure 13. This provides a clear exam ple of how  

Professor P. paired  the tw o technologies.

Figure 13: Bulletin board discussion of CyclePad lab

Postings Commentary
posted by Student 1 on Tues, Sep. 22, 1998. 14:36 
Subject: Diesel Cycle

If the compression-ratio increases, the efficiency will increase. If the 
temperature in state one is increased, the efficiency will also increase. If 
the mass in state one is increased, the efficiency will also increase.

Findings by: Studentl and Student2

Students post their 
results for the problem.

posted by Professor P. on Wed, Sep. 23, 1998, 19:59 
Subject: re: Diesel Cycle

Is this different from the Otto cycle? Do others agree with these 
findings? Did anyone else find other parameters that affect the 
efficiency of a Diesel engine?

-Professor P.

Professor P. responds 
by asking questions that 
try to link the students 
findings with what 
they’ve been studying 
in class and trying to 
engage others in the 
discussion

posted by Student 3 on Wed, Sep. 23, 1998, 20:55 
Subject: re: Diesel Cycle

Of the choices provided, the three variables mentioned by Studentl and 
Student2 where the only ones that potentially increased eta-thermal that 
I found. So, I concur with their findings. As far as differing from the 
Ono cycle, the Diesel cycle has more variables determining the thermal 
efficiency (rc for Otto, rc, mass, and temp for Diesel).

Another student 
responds with his 
results and comments 
on the first group’s 
answer.

26 From Professor P. Interview September 1998; tape 6 p. 2
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Postings Commentary
-StudenG

Connecting with Prior Knowledge

W hile Professor P /s  s tuden ts m ay be w eak in  basic skills, they d o  come 

w ith  o ther know ledge. H e w as aw are  tha t m any knew  a lo t about cars and  

w anted  to link this w ith  the  con ten t of A pplied Therm al Science. H e said:

Connecting w hat they already  know  abou t hydraulics, about their 

car engines to  this scientific know ledge — that's  m y job. If I can 

m ake tha t connection for them  then  that will m ake this all m ore 

m eaningful. For m e the closed cycles [Otto, Diesel] a re  kind of 

im portan t because w ha t they are actually m ore fam iliar w ith is 

their car. They'll know  w hat the intake stroke is, the pressure stroke 

an d  the pow er stroke an d  the exhaust stroke. They know  that they 

understand  the connection betw een the m echanism s — not all of 

them  b u t a  good num ber — a  good num ber of them  know  that k ind  

of th ing  and  have taken ap art an d  added  a supercharger. A lo t of
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them  have a  feel for that. (Professor P. Interview  Septem ber 1998; 

tape  8 p. 1)

Professor P. m ade certain  decisions ab o u t how  to o rder the  curricu lum  

based  o n  w h a t he knew  ab o u t m otivating  his students. H e felt th a t they  w ere 

tu rn ed  off by  abstract concepts so he  tau g h t them  "real" cycles (e.g., O tto , 

Diesel) before teaching the  C arn o t cycle (a theoretical cycle w hich is usually  

the  first cycle explained in  therm odynam ics textbooks). H e described h o w  the 

course went:

I so rt of blew  th rough  the  first chapter. A nd the  studen ts w eren 't 

very  com fortable w ith  th a t b u t the studen ts w eren 't very  

com fortable the year before e ither w hen  I slow ed w ay  dow n. All it 

d id  last year w as p ro long  the  agony because w e d id n 't  get to talk  

abou t - 1 m ean, they actually  like it w hen  w e get to talk  about 

airplane engines an d  car engines an d  refrigerators. They are m ore 

in terested w hen you s ta rt talk ing  abou t th a t sort of thing. The w ay  

the book is laid out, it's  like th is build ing  block approach  and
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they 're  not really in te rested  in  a constant volum e process. A nd so 

m y attitude is th a t I 'm  go ing  to  blow  through  th a t as fast as 

possible and  w e 'll con tinue  talk ing  about the processes because 

tha t's  w hat m akes u p  the  cycles so they'll get m ore com fortable 

w ith  those. (Interview  January  13,1999; tape 9 p. 7)

Professor P /s Ideal of Teaching with CyclePad

Professor P. though t th a t th e  s tuden ts get "bogged d o w n  in  detail and  lose 

the  b ig  picture" w ith  the "build ing  block approach" th a t their textbook used.27 

H e criticized current textbooks as boring  and  un insp ired  in  their logical 

sequence of build ing  from  ind iv idual processes up  to com plex cycles. In his 

ideal therm odynam ics course  he  w ou ld  abandon  the s truc tu re  of the textbook 

an d  restructure  the course to  s ta r t w ith  cycles. H e explained  th a t he w ould 

s ta r t w ith  Cycle P ad 's Solved O tto  Cycle (since his studen ts a lready  have

27 From Professor P. Interview September 1998; tape 8 p. 1
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know ledge o f car engines) an d  then  he could  explain the ind iv idual processes 

H e said:

I'm  still th inking th a t next year w hen  I teach this .. .I 'm  ready  to just 

try starting  w ith  the  O tto cycle in  like the second w eek o r  first w eek 

of the class, and  afte r w e d o  a  little b it w ith  the w hole cycle.

Because you 've  g o t the  solved cycle w ith  CyclePad, it can  tell them  

w hat k ind  of process each one is. So now , w e know  som ething  

about how  a car engine w orks. Let's look a t these ind iv idual 

processes. Then w e can  use CyclePad to . . .dissect it a n d  look a t an  

adiabatic process o r  a  constan t p ressure process. (Interview  

Septem ber 1998; tape  8 p. 1)

In this w ay, Professor P. cou ld  take a n  approach that follow ed closer to the 

historical developm ent o f the field (the build ing  of engines, follow ed by the 

discovery of the underly ing  theories) ra ther than  the artificial approach  of the 

curren t textbooks. Ideally, he w ou ld  link this w ith  laboratory experim ents too. 

H e w ould like to take these ideas an d  create a  CyclePad-based textbook.
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Unlike Professor R. w ho had  p lanned  the  course syllabus w ell before the 

course started , Professor P. operated  m ore o n  the fly. H e h ad  p lanned  to  do  

m ore w ith  bo th  WebCT an d  CyclePad, b u t d u e  to bugs in  the  p rog ram , he had 

curtailed  som e of his plans. For exam ple, the  studen ts d id  g ro u p  term  projects 

(for which, one group  used  CyclePad). A t the  en d  of the course, each  group  

posted  their project on the WebCT s tu d en t page link. H ow ever, Professor P. 

h ad  in tended  to do  m ore w ith  the shared  n a tu re  o f the w eb pages. H e 

explained:

W hat I really  w anted them  to do  w as g e t those web reports on  

there w ith  several w eeks of the  sem ester still left so everyone in  the 

classroom  can  still read  them  a n d  th en  they 'll get review ed. Just 

like w hen  you subm it a paper to a  journal, you 'll get som e review s 

back and  you 'll be able to m odify th em  based  on their v iew s and  

feedback from  some other students. I so rt of set it u p  to  do  th a t this 

tim e.. .bu t I decided tha t we w e ren 't go ing  to  get there. (In terview  

Professor P. January 11,1999; tape  9 p. 3)
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Increm ental changes

In  his second y ear of teaching w ith  C yclePad, Professor P. tau g h t certain 

term inology earlier in  the  term  in an ticipation  o f the forthcom ing w ork  w ith  

the CyclePad. W hen m odeling  cycles in  CyclePad, studen ts need  to  know  

specific term inology (e.g., term s for constan t tem pera tu re  (isotherm al), 

constan t heat (adiabatic) a n d  constant vo lum e (isochoric). In observing 

studen ts w orking  w ith  the  software in  b o th  1997 an d  1998,1 noticed tha t the 

studen ts in  the latter course  w ere m ore proficient a t using  the term s in  

conversation (and in  pronouncing  them !) than  the form er students. Professor 

P. explained this change:

... the first tim e I tr ied  using  C yclePad [1997], the sem ester h ad  

already started  an d  I said, "This is g rea t stuff!" It w as all so rt of 

done on  the fly. So, th is year teaching this course I had  in m ind  to 

use CyclePad, so  I in troduced  som e topics quicker an d  som e 

term inology quicker. So that w hen  they  started  using  CyclePad, 

they 've  already been  exposed to som e of that. (Professor P.

Interview  Septem ber 1998; tape 1 p. 1)
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From  year to year, Professor P. w as developing a m aterials and  a  style of 

teaching th a t fit w ith  his educational goals. W hile he h ad  a vision of a 

different k ind  of engineering  education, his w as able to im plem ent i t  only 

piece by piece.

Summary

Of the three cases p resen ted  in  this dissertation, Professor P. h ad  the m ost 

pedagogically adven tu rous approach  to  in tegrating  CyclePad in to  his course. 

H e w rote his ow n problem s and  had  studen ts approach  them  using  m ultip le 

m ethods (by hand, g raphing , and  in  CyclePad). H e thought abou t new , and  

radical, w ays to restructure  the course. Furtherm ore, he w as particularly  

sensitive to  the background of his students and  tried  to use the softw are to 

m otivate them  and  com pensate for their academ ic weaknesses. H e used  it as 

p a rt of the studen ts ' laboratory  time, com bined it w ith  WebCT to  allow  for 

discussion an d  linked C yclePad problem s w ith  real-w orld in terests of the 

students. H ow ever, C yclePad a nd  W ebCT w ere only used occasionally. As
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show n i n , this app roach  w as fundam entally  radical in  its pedagogy b u t 

narrow  in its curricular reach.

Figure 14: Professor P /s  "enacted" v. "ideal" teaching
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In the diagram , the  dashed  arrow  indicates the trajectory from  n a rro w  to 

broad curricular coverage. Professor P. in tent for the fu ture w as to increase his
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use of CyclePad in  the  course  by s ta rtin g  from  cycles. H e also in tended  to 

fu rther integrate it w ith  W ebCT to develop  on-line curriculum , increase 

s tu d en t collaboration a n d  enhance s tu d e n t project w ork. In  m any  w ays, this is 

the m ost progressive ideal o f all the in troducto ry  therm odynam ics courses in  

this study.

H is am bitious teaching  w as lim ited  by  h is lack of course p lann ing  

(although W ebCT seem ed to  p rov ide h im  som e structure  for th is th a t could be 

reused  in  fu tu re  years), the  bugs he encountered  w ith  the softw are an d  the 

lim ited departm ental resources. The tension  of w orking  in  a un iversity  that 

stresses both  teaching a n d  research p resen ted  a challenge. Yet, try ing  novel 

educational practices gave Professor P. a  w ay to conduct research w hile 

teaching.
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CHAPTERS

PROFESSOR R. AT USNA

This chap ter presents tw o contrasting  exam ples o f broad curricu lar 

CyclePad im plem entation: one w ith  trad itional pedagogy an d  o n e  em bodying 

progressive pedagogical practices. Interestingly, the  sam e professor enacted 

these tw o d ifferent im plem entations. It w as the  professor's nego tia tion  of his 

teaching a n d  w ork  context led  to  these tw o  radically  different sty les of 

im plem entation. In  one instance, he  w as constrained  by his d ep artm en t and  

their goal o f standard izing  curricu lum  in  m ulti-section courses. In  the 

advanced course he  taught, there w as no  departm en tal control ov e r 

curricu lum  a n d  thus Professor R. felt free to  struc tu re  the course as he  chose. 

Thus, the changes th a t Professor R. m ade to  curricu la  in  response to  CyclePad 

w ere qualitatively  different depend ing  o n  the  level o f classroom  autonom y he 

had.

128
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This chap ter begins w ith  a  descrip tion  of the professor an d  his w ork  

context. This is followed by an  analysis of his teaching w ith  CyclePad in  two 

courses and  his ideal vision of teaching. The chapter concludes w ith  a 

com parison of his real versus ideal teaching practice.

Intellectual Biography

Professor R. became involved w ith  o u r research g roup  w hen  Professor 

Forbus w as invited  by the Office of N aval Research (ONR) to  speak about his 

research a t the U nited States N aval A cadem y (USNA) in  1994. Professor R. 

w as interested in  Professor Forbus' project to develop an  articulate virtual 

laboratory for teaching therm odynam ics. This, in  turn , led h im  to become an  

instructor-collaborator on  the project. W hile the N ational Science Foundation 

(NSF) w as the m ain  source of fund ing  for softw are developm ent and  

educational research, the O N R p rov ided  additional fund ing  as p a rt of an  

initiative to im prove teaching w ith  h igh  technology by linking USNA faculty 

w ith  other researchers. O ne gran t pa id  travel expenses betw een the two
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universities to encourage collaboration w hile another g ran t gave Professor R. 

sum m er fund ing  to develop curriculum .

Instructor Profile

Professor R. received his B.S. a n d  M.S. in  Taiw an and  cam e to  the U nited 

States to a ttend  the University of Illinois, Urbana. There he received a  Ph.D. in  

M echanical Engineering in  1966. A s a foreign  graduate student, Professor R. 

w as d isappo in ted  that the U niversity  of Illinois d id  no t allow  him  to teach 

a lthough  he w as interested in  a  teaching  career.

After receiving his Ph.D. he w as offered jobs a t several universities, he 

ultim ately  chose USNA because he  d id  n o t feel that he w ould  be successful a t 

getting large research grants. H e explained  that:

See w hy  I came here — the reason  is — I know  I can do  research but, 

on  the other hand, I co u ldn 't g e t m oney. The th ing  is, a t a school 

like Illinois or N orthw estern  y o u 'v e  go t to support lots of g raduate  

students. You are constantly o u t try ing  to  get m oney. That's a  lo t of
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pressure  and  I d o n 't  w an t th a t pressure. That's w h y  I chose to  com e 

here. A lthough I d id  get offers from  Colum bia — from  good schools 

like that— m y decision w as [that] I d o n 't  w ant to have  th a t pressure .

I 'm  no t good a t that. I can  g e t som e m oney b u t I c an 't ge t b ig  

m oney. (Professor R. M arch 22,1999; tape 1 p. 9)

Professor R.'s teaching experience is quite  extensive. In  add ition  to  his 

th irty-four years of teaching a t USNA, he has w orked part-tim e as a  professor 

a t  the W hiting School of E ngineering a t  Johns H opkins U niversity  since 1968. 

M ore recently, since 1998, he has been a G raduate Faculty Special M em ber at 

the U niversity of M aryland. As o f 1999, he had  no plans to  retire.

Professional Context

University

USNA is one of four federally  sponsored  m ilitary academ ies. F ounded  in 

1845, it offers a free education  to studen ts w ho  will, u p o n  g raduation , serve 

five years in  the m ilitary. The school's m ission is to:
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D evelop m idshipm en m orally , m entally and  physically and  to 

im bue them  w ith  the h ighest ideals of duty, honor an d  loyalty in 

o rd e r to  prov ide g raduates w ho  are  dedicated to  a  career of naval 

service a n d  have potential for fu tu re  developm ent in  m ind an d  

character to  assum e the h ighest responsibilities of com m and, 

citizenship  an d  governm ent.28

The school operates on  a  tw o-sem ester system  -  fall and  spring. Faculty 

teach tw elve hours per sem ester. They are required to  be on  cam pus forty 

hours p e r w eek, w hich m akes them  very  accessible to  students. W ith  the busy 

teaching  load an d  lack of g radua te  students, it is h a rd  for faculty to  carry  ou t 

research. T heir m ain  opportun ity  is d u rin g  the sum m er m onths (for w hich 

they  often  seek outside funding).

28 From USNA web page: http://w wwjiadn.navy.m il/
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D epartm ent/C ollege

Professor R. is appo in ted  to the M echanical Engineering departm ent, 

w hich is in  the  Division of Engineering an d  W eapons. The faculty is 

com prised  of both  civilians and  m ilitary  personnel. Professor R. is a civilian 

em ployee.

C ourse  a n d  C lassroom

This chap ter describes Professor R /s  experience w ith  tw o courses— 

Engineering Thermodynamics and  Energy Conversion. Engineering 

Thermodynamics is a  required  course for all engineering majors. It is taught in 

tw enty  sections per year to  approxim ately four h u n d red  students. There are 

no teaching assistants so faculty m em bers are responsible for all interactions 

w ith  s tuden ts and  grading. Engineering Thermodynamics is a  m atched m ulti­

section course, w hich m eans that it is standard ized  across the different 

instructors a n d  sections by  sharing the sam e textbook and  final exams. As I 

w ill describe later, the departm ental s tandard iza tion  becom es an  obstacle to 

curricu lar experim entation.
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Professor R. also teaches CyclePad in  Energy Conversion. Unlike Engineering 

Thermodynamics, th is course is offered in  one section in  the  sp ring  term . The 

objectives of the  course are "(a) developm ent of basic analysis an d  design  of 

energy conversion  devices; (b) application  of basic m echanical engineering  to 

energy generating  system s."29 In this course, studen ts a re  assigned fou r short 

projects a n d  one longer-term  project. C ydeP ad  w as used  in  som e of the  short 

projects a n d  for the term  project in  w hich  students are  asked  to design  energy 

devices.

For bo th  courses, Professor R /s  lectures w ere held  in  a  standard  classroom  

w ith  row s of desks an d  a blackboard in  the front o f the  room . In his first years 

using CyclePad, Professor R. had  to w heel a cart w ith  com puter an d  projector 

into the classroom  to do  dem onstrations. Students h ad  access to CyclePad in a 

com puter laboratory  w here, in  the first few  years of th is study , there  w ere 

only nine Pen tium  com puters th a t w ere  fast enough  to ru n  CyclePad. This 

m eant th a t s tuden ts h ad  to  share com puters and  w o rk  in  groups. By 1999, the

29 From Energy Conversion Syllabus Spring 1999
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com puter classroom  w as better equ ip p ed  w ith  m ore com puters that w ere  

faster. This a llow ed  students to w ork  alone. Furtherm ore, a n  overhead 

projector device h ad  been installed so Professor R. could do  dem onstrations in 

the sam e space as students w ork  o n  ind iv idual com puters.

S tuden ts

U SN A 's approxim ately  4,000 u n d erg rad u ate  students represent all fifty 

states an d  m ore  th an  a  dozen  foreign countries. To apply  to the academ y, 

students m u s t be sponsored  by  their sta te  representative or o ther governm ent 

official. S tuden ts  m u st enter the p rog ram  as plebes (freshman). The academ y 

recom m ends SAT-I scores of a t least 530-verbal and  600-math. A m ajority o f 

the studen ts ad m itted  come from  the top  20% of their h igh school class. 

S tudents m u s t also pass a m edical exam , have 20/20  uncorrected vision a n d  

take a physical exam  (300-yard run , long  jum p, etc). The U.S. governm ent 

pays full tu itio n  for students. There a re  no  g raduate  students. Every en tering  

m idsh ipm an  (equivalent of a  freshm an) receives a com puter for his o r her 

dorm  room .
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The studen t body  is overw helm ingly m ale (84%) a n d  20% m inority  (Asian 

or Pacific Islander, H ispanic, black, native Am erican, international). Forty-four 

percent of the s tuden ts  m ajor in engineering. In the classes tha t I observed, all 

the students w ere  engineering majors a n d  there w ere usually  only one or two 

female studen ts p e r section.

Teaching with CyclePad

In this section I focus on  Professor R /s  im plem entation of CyclePad in each 

course. This is follow ed by a  discussion of his ideal usage and  an  analysis of 

the obstacles he encountered  in  trying to  reach his goals.

CyclePad in Engineering Thermodynamics

Professor R. saw  CyclePad as serving tw o functions for studen ts in  the 

introductory therm odynam ics course: (1) acting as an  extra instructor and  (2) 

providing studen ts answ ers to hom ew ork problem s in  cases w here answers 

were no t p rin ted  in  the  textbook. For this course and  audience, he conceived
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of CyclePad as a  teaching assistant rather than  as, for exam ple, a  sim ulation or 

research tool. H e explained this view  of the  tool and  his studen ts ' needs:

[The students] are using  [CyclePad] for tw o purposes. O ne is an  

extra instruction device. You see, m any students come here, they 

d o n 't really have a  problem  w ith  the concepts, bu t they have 

problem s w orking  o u t the p ro b lem s.... they understand  bu t they 

d o n 't know  how  to w ork  them  out. CyclePad will give us that so 

they d o n 't  need  to see me — CyclePad can  answ er their questions.

And then  I have them  use it to double-check their hom ework. You 

see, m any of the hom ew ork problem s do  no t have solution answ ers 

and the studen ts com plain that "I d o n 't  know  if I 'm  doing it righ t 

or wrong. I 'm  no t sure." So they can use CyclePad. (Interview 

March 22,1999; tape  2 p. 5)

Professor R.'s Engineering Thermodynamics CyclePad C urriculum

Professor R.'s curriculum  developm ent w as tied to the content of the 

students' textbook. As course coordinator for the Engineering Thermodynamics
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in  the 1996-97 school year, Professor R. developed a version of the  standard  

curricu lum  th a t included a CyclePad option. H e d istribu ted  tw o versions of 

the syllabus to  the course instructors, one w ith  CyclePad and  one w ithout. 

Included in  the  C yclePad syllabus w as a list o f w h a t problem s to  dem onstrate  

to  studen ts an d  w hich  to  assign as hom ew ork problem s (to be done  bo th  by 

han d  a n d  w ith  CyclePad). T hat year Professor R. an d  a  new  hire — Professor 

G. — used  the  C yclePad version  of the syllabus.

By 1999, Professor R. had  expanded  the con ten t coverage o f h is CyclePad 

problem s from  cycles to  include "pre-cycles" (analysis of indiv idual processes 

and  com ponents). W hereas in  p revious years, CyclePad w as first in troduced  

w hen  cycles w ere  taugh t, the add ition  of certain  features in  the new er versions 

of the softw are allow ed for CyclePad to be used  to easily analyze single 

processes. Professor R. took advantage of this new  feature to in troduce 

CyclePad earlier in  the  term  for these very sim ple single com ponent problem s. 

H e continued to assign problem s to  be done bo th  by hand  and  by CyclePad. In 

do ing  so, the degree of curricu lar integration of CyclePad increased over the 

years so th a t its im plem entation spanned  m ost of the course.
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T hroughout his usage of C ydeP ad  in  th is course, Professor R. d id  no t w rite  

h is ow n problem s b u t assigned textbook problem s. The textbook problem s are  

typically of a  w ord  problem  form at th a t gives som e initial conditions for a 

system  and  asks the  students to calculate a  param eter o r two. The problem s 

selected for C yclePad usage all requ ired  num eric answ ers. Professor R. tested  

the  problem s him self before assigning them  to m ake su re  that they  w ere 

solvable in  C yclePad (i.e., they could  be m odeled  in  the softw are a n d  d id  no t 

ru n  into any bugs). Each year he selected new  problem s to  p reven t students 

from  cheating by referring  to past answ ers a nd  because som etim es the 

d epartm en t w ould  change the textbook. Thus, curricu lum  developm ent tim e 

consisted of selecting problem s from  each chap ter in  the textbook a n d  try ing 

them  o u t in  CyclePad to  pick those th a t w ere  solvable. U sing s tandard  

textbook problem s fit Professor W 's v iew  of CyclePad as a m eans for 

instructional aid, ra th er than  as a  m eans for pedagogical reform.
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Instructional Strategies

In order to  achieve his goal that studen ts consult CyclePad as an  extra 

instructional device, Professor R. sp en t class tim e teaching studen ts how  to 

solve textbook problem s in  the softw are. D uring m y visits betw een 1997 and  

1999,1 observed th a t Professor R. took a  sim ilar approach  to teaching students 

this skill. Initially, he w ould  dem onstrate it h im self by using  the projector to 

show  students the  steps he w ould take in  solving a  problem . After the 

dem onstration, studen ts w ould w ork  in-class o n  several assigned. W hile they 

d id  this, he c ircu lated  around  the classroom  to answ er questions or provide 

instruction o n  problem  solving.

Professor R. h a d  a consistent m ethodology th a t he  follow ed w hen 

dem onstrating  to  students how  to solve the textbook problem s. H e usually 

specified the state  points (i.e., conditions of the in le t and  ou tle t of a 

com ponent) before m aking m odeling assum ptions abou t the com ponent itself. 

H e always p roceeded  in  an  orderly fashion by  m oving  from  left to righ t in  a 

process d iag ram  o r clockwise around  a cycle. H is explanations to studen ts of
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how  to do  various functions in  the softw are had  little variety. W hile there  are  

several w ays to  accomplish the  sam e task o r resu lt in  CyclePad, Professor R. 

usually  stuck  to one pathw ay. For exam ple, Table 15, a representative teaching  

vignette, show s Professor R /s  dem onstra tion  of how  to solve a  refrigeration 

cycle problem . In the transcript, I have  underlined  the m eta-questions th a t 

Professor R. used  to guide s tuden ts th ro u g h  the solution process. In  the  

second colum n, I have labeled the instructional steps. Figure 15 illustrates the 

cycle tha t Professor R. is constructing  in  CyclePad du rin g  this teaching 

episode.

In this teaching excerpt, Professor R. is explaining how  to solve the 

follow ing problem  in  CyclePad:

Exam ple 10-1: The Ideal V apor C om pression Refrigeration Cycle 

A refrigerator uses refigerant-134a as the  w orking  fluid and  operates 

on  an  ideal vapor-com pression refrigeration cycle betw een 0.14 an d  

0.8 MPa. If the m ass flow  rate  o f the refrigerant is 0.5 k g /  s, 

determ ine (a) the rate  of heat rem oval from  the refrigerated space
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an d  th e  pow er inpu t to  the com pressor, (b) the rate  of h e a t rejection 

to th e  environm ent, and  (c) the  C O P of the refrigerator. (Cengel, 

1998, p . 621-622)

Figure 15: Refrigeration Cycle b u ilt in  C yclePad 

♦  «ei ♦
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Table 15: Teaching v ignette30

Transcript Instructional Step
Prof. R.: Lets start with 10.1 Read the problem. And let me 

show you how to do one problem and then from 
there on you should be able to do the others.

read problem 
specification

Prof. R.: 10.1 is a refrigerator. And a refrigerator is a closed 
cycle or an open system?

STUDENTS: Open
Prof. R.: So you see w e have open here [indicating the open 

choice on the new cycle dialog] and we have open 
cycle steady state. So we say okay, [clicks "OK"]

determine whether 
cycle is an open or 
closed system

Prof. R.: ...the basic refrigeration cycle is made by four
components. The components are: compressors, so 
you take a compressor out, then you have a cooler, so 
you take a cooler out, and then you have throttling 
valve so you take one o u t [he takes each out as he 
mentions them]. ...Other than that we also have an 
evaporator, which is a heater, so take a heater o u t

select the
appropriate
components

Prof. R.: And we simply connect them....[he connects the 
components]

connect components

Prof. R.: So now you click on the mode and go to analysis
mode, [the "switch to analyze" dialog comes up and 
he picks "analyze"] So first you build and then you 
click on the mode and you analyze it.

switch to analyze 
mode

Prof. R.: Alright ... what is the working fluid?
STUDENT1: Refrigerant 134.
Prof. R.: So we go here [clicks on a state point]. You ... select a 

substance — refrigerant 134a.

select stuff for 
system

Prof. R.: What are the given conditions?
STUDENT2: [reading from his textbook] It says it operates on an 

ideal vapor compression refrigeration cycle between 
.14 and .8 megapascals.

re-read given 
conditions and start 
entering values at an 
appropriate state

30 From classroom observation April 21,1999 transcript pages 1-2
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Transcript Instructional Step
Prof. R.: Okay, so maybe you can start with the inlet of the

compressor. So this is your inlet of the compressor so 
click on that [he opens the state point to the left of 
the compressor icon] ... you see that you know two 
properties of state 1. What are the two properties?

STUDENT4: Pressure and quality.
Prof. R.: ... first of all you go to "phase" and you select a 

phase that is "saturated." And the quality ?
STUDENT4: Zero.
Prof. R.: Zero or 100? One isn't it? The quality is one, isn't it? 

Right? [He enters "1" for quality].
So now you have one property in. The other property 
—you know the pressure. What is the pressure?

STUDENTS: .14 megapascals
Prof. R.: .14 megapascals or 140 kilopascals. So you put in 140. 

[He enters "140" for the pressure at state 1.]
Whatever I put in is in green and the computer ...will 
calculate everything in blue. So this state is defined.

point

illustration of the 
state postulate

Prof. R.: So let's go to the outlet What do I know? I know the 
pressure so we assume a value and the pressure is 
800 kilopascals. [He enters "800" for the pressure at 
state 2.]

specify information 
for remaining state 
points

Prof. R.: I need another property, don't I? So now lets click on 
the compressor and we define what process we have. 
What process do we have?

STUDENTS: Isentropic.
Prof. R.: Right isentropic. So we make an assumption, we say 

it works adiabatically. If it works adiabatically what 
would be the efficiency? 100 — isn't it?...Adiabatic 
and 100% efficiency is isentropic.... N ow  what is the 
process for cooler? ... [He continues to input values 
for the remaining state points and components.]

enter modeling 
assumptions

Prof. R.: You have to know the cycle. The cycle is made by 
several process. You have to define each process.... 
[He picks T-s diagram from the "cycle" menu] Here's 
your T-s diagram. Okay? Then we can also see the 
cycle properties [He picks "whole cycle property."]

check that cycle is 
"solved" by viewing 
T-s diagram and 
cycle properties
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Professor R. w as very  consistent in  his teaching strategy. This p a tte rn  w as 

noted in  the tw o sections o f Engineering Thermodynamics he  taugh t. In  fact, 

there was little varia tion  in  his scrip t betw een the  tw o sections. This p a tte rn  

w as also noted  o n  o th er days an d  in  sections du rin g  o ther academ ic term s. 

Professor R. had  been  teach ing  this course for 33 years. H e d id  i t  from  

m em ory, w ith  no  lecture notes. H is ro te approach  had  been h o n ed  over the 

years to a sim ple sty le  of p resen ting  to  the students the  m in im al am o u n t of 

inform ation needed  a n d  a  single m ethodology to solve therm odynam ics 

problems. Using the  p rob lem  solving steps he presented, a  s tu d e n t could  

potentially solve any  p rob lem  using  CyclePad.

Student Learning

Since Professor R. w as the  only professor in  the m atched  section 

Engineering Thermodynamics courses using  CyclePad it w o u ld  be ev iden t if his 

section was no t perfo rm ing  as well as the others. Professor R. w orried  tha t 

perhaps students w ere  re ly ing  on  the softw are to get answ ers a n d  no t 

spending enough tim e learn ing  how  to solve problem s by  hand . H e realized
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th a t he h ad  to scale back CyclePad usage from  w h a t h e  w o u ld  ideally like to 

do, otherw ise, it w ou ld  "d isadvan tage" his studen ts o n  the  exam s. H e d id  not 

w an t CyclePad interfere w ith  the learning necessary to  perform  w ell on  the 

shared  course assessm ents. In this way, the s tandard iza tion  of assessm ent 

practices enacted b y  the departm en t an d  concerns ab o u t s tu d en t achievem ent 

h ad  the effect of lim iting Professor R /s  im plem entation  o f CyclePad.

S tuden t M otivation

Professor R. w as well aw are  of the s tuden ts ' heavy  course load, athletic 

requirem ents and  m ilitary  responsibilities. The consequence of w hich  is that 

studen ts have little free tim e to  devote to  their stud ies a n d  often look for short 

cuts.31 Students w ere  n o t requ ired  to subm it the C yclePad problem s for 

grading. This resu lted  in  few  students bothering to u se  C yclePad to check

31 Unfortunately, several years ago, this led to a cheating scandal at the academy that 
attracted national attention. In efforts to discourage future cheating, the department 
switches textbooks every three years, and makes changes to the homework problems yearly 
so that students cannot resort to files of previous years' homework and exams.
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hom ew ork answ ers and  unfortunately  underm ined  the  learning goals he had 

for his students regard ing  CyclePad usage.

A nother problem , w hich Professor R. encountered, w as that the students 

are trained  to respond to d irect com m ands and  n o t to  take individual action. 

This is a m ajor p a rt of the cu ltu re  of a  m ilitary school. For exam ple, w hen  we 

discussed w hether the Engineering Thermodynamics s tu d en ts  w ere using 

CyclePad to check their hom ew ork problem s Professor R. explained to  m e th a t 

the studen ts only do  w ha t is requ ired  of them:

Researcher: Do the studen ts tell you that they  check [hom ew ork 

problem s] som etim es?

Prof. R.: If you d o n 't  force them , they d o n 't  do  it.

Researcher: They d o n 't  bother?

Prof. R.: They do n 't. They d o n 't have tim e. O ne of the first

prem ises o f USNA— If you tell th em  to do  it, they do 

it. If you  d o n 't  — I doub t m any studen ts actually use 

CyclePad to  their advantage. But, I to ld  them  to use
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it if they w ant. Now, a t ano ther school, I 'm  no t sure 

w hether that's  the case or not. B ut here  — it's  a 

special school. You d o n 't blam e the  studen ts because 

th a t's  the w ay the system  w orks. If the authority  

tells them  to do  som ething th en  they  do it. That's 

fine. If the authorities d o n 't  tell th em  to do  it and  

they do  it and  som ething is w rong , then  they are the 

ones to blam e because they w ere  n o t approved  to do 

such things. (Interview  M arch 22,1999; tape 2 p. 5-6)

Professor R. seem ed understanding  of the fact th a t m any students w ere no t 

using CyclePad a n d  saw  it as stem m ing from  the cu ltu re  of the college rather 

than  student reaction to the software itself. In  Professor R. interpretation of the 

students ' school context, the pressures on  their schedules and  the goals of 

m ilitary training com e into conflict w ith  certain educational practices such as 

"optional" class w ork . In  this w ay, the students an d  th e ir school environm ent 

played a role in  shap ing  Professor R.'s enactm ent o f CyclePad.
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C yclePad in  Energy C onversion

In Energy Conversion, Professor R. saw  CyclePad as ex pand ing  w hat 

studen ts  w ere able to  do . It let them  w ork  on  advanced  a n d  com plicated 

assignm ent and  d esign  problem s. In contrast, w here  C yclePad w as a requ ired  

p a rt of the Energy Conversion s tuden ts d id  find tim e to  u se  the  CyclePad. 

Professor R. felt th a t CyclePad could help studen ts v a ry  param eters and  

optim ize and design  system s. H e w rote  in a  journal article  (W u, 1999; p. 236):

In  the realm  of therm odynam ics, CyclePad is to  a  m echanical 

engineer w h a t a  w o rd  processor is to a  journalist. T he benefits of 

using  this softw are for teaching and  design pu rposes are 

num erous. First, significantly less time will be sp en t do ing  

num erical analysis. C om putational w ork th a t w o u ld  have taken 

hours before can  now  be done in  seconds. Second,...C yclePad is 

capable of analyzing  m ulti-cycle system s w ith  va rio u s w orking  

fluids. Third, d u e  to its com puter-assisted m odeling  capabilities, 

the software allow s for indiv iduals to im m ediately  v iew  the effects
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of varying param eters, e ither th rough  calculated resu lts o r in  the 

form  of g raphs a n d  d iagram s, giving the s tuden t a  g rea ter 

appreciation of h o w  a  system  actually w orks. M ore specifically, 

there is feature th a t p rov ides the user the opportun ity  to  optim ize a 

specified cycle pa ram ete r.... Last, and  probably m ost im portan t, 

there is a  built-in  coaching  facility. CyclePad goes a  step  fu rther by 

inform ing the  u se r if a  contradiction  or an  incom patibility  betw een 

inpu t param eters exists w ith in  a  cycle and  why.

Professor W 's Energx/ Conversion CyclePad Curriculum

In  contrast w ith  Engineering Thermodynamics, Professor R. d id  no t use a 

textbook in Energy Conversion. Instead, s tuden ts read  journal articles, and 

w orked  on several sh o rt projects a n d  a  longer-term  project. Professor R. 

integrated CyclePad in to  b o th  class tim e (during  w hich s tuden ts used  the 

softw are to m odel com plex cycles) an d  as a hom ew ork tool to  use for the term  

project. Professor R. w o u ld  create  a  list of possible te rm  p ap er topics for the 

studen ts to choose by selecting projects for w hich CyclePad cou ld  be used to
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m odel the system . The list of projects w ould  p rov ide  studen ts w ith reference 

inform ation to  rea d  abou t the cycles in  the projects. Professor R. w ould have 

liked to in teg rated  CyclePad in to  m ore of the sh o rt projects in  the course; 

however, the  softw are w as lim ited in  the types of fluids it m odeled.

For this course. Professor R. prim arily  used  CyclePad as a  research tool for 

students to  explore an d  design cycles. This is a  d ifferent conceptualization of 

the software th an  th a t he  had  for Engineering Thermodynamics w here CyclePad 

w as in tended  to  be a n  instructional resource. Professor R. had, himself, been 

using CyclePad as p a rt of his research (e.g., (W u, 1999)). H e had  his advanced 

students rep roduce  the results of one of his papers as a hom ew ork 

assignm ent. The s tuden ts  also used  CyclePad as p a rt of their term  projects in 

which they analyzed  various cycles. Two of these papers w en t on to become 

journal publications (W u & Burke, 1998; W u & Dieguez, 1998). Professor R.'s 

use of CyclePad represents a very  innovative b lend ing  of research and 

teaching. This "scholarship of research and  teaching" is one of the key areas of 

exploration in  h igher education reform. M any researchers believe that 

teaching and  research  can  be im proved by bringing  them  closer together
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(Boyer, 1990) [Hutchings, 1999 #280]. This p rov ides, perhaps, one exam ple of 

how  to link  research  an d  teaching in  eng ineering  education.

Professor R /s Ideal of Teaching w ith CyclePad

Professor R. w an ted  to use CyclePad in  Engineering Thermodynamics in a 

way th a t he described as "totally  im m ersed." To him , "imm ersed" m eans 

using CyclePad n o t just for cycles, b u t a lso from  the beg inn ing  of the course. 

H ow ever, d u e  to  the  standardization  of Engineering Thermodynamics across 

sections, Professor R. w as constrained in  w h a t he w as actually  able to do  in  

the CyclePad-sections of the course. Therefore he requested  fund ing  to 

develop an  "experim ental" section. In  a  le tte r to the  Office of N aval Research 

(ONR), he  w rote:

I have experienced several constraints to  using  C yclePad to its full 

po ten tial in  teaching therm odynam ics classes the las t tw o years. To 

in tegrate  CyclePad into the therm odynam ics courses a t U.S. N aval 

A cadem y m ore extensively and  efficiently, I w o u ld  like to create a  

fully  im m ersed CyclePad experim ental section of therm odynam ics
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in  w hich  the softw are  w o u ld  be presen ted  to  the  studen ts in the 

course very  early  a n d  innovative problem s co u ld  be studied. I hope 

this app roach  w ill h e lp  studen ts better u n d e rs tan d  concepts. 

(Decem ber 4,1997, le tte r to  ONR)

He w an ted  to  use a n  experim ental section to  ad d ress  problem  w ith  

assessm ent. H e explained  that:

Several s tuden ts in  [Engineering Therm odynam ics] sa id  w hy 

should  w e bother u sin g  CyclePad if w e cannot u se  it in  exam. They 

had  a  point. It is a  go o d  point. W hy should  w e b o th er to  learn that? 

[He chuckles.] (M arch 22,1999 Interview ; tape 2 p . 10)

His "im m ersed" CyclePad section w ould  a llow  s tu d en ts  to  use the softw are 

on  exam s (this w ou ld  also g e t a ro u n d  the shared  exam  th a t is currently  in- 

place and  allow s for com parison  of his section w ith  o th e r instructors). H e 

w ould  also do  m ore in-class exam ples of CyclePad prob lem s and  alm ost all 

hom ew ork problem s w o u ld  be done  in  CyclePad.
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The ON R funded  Professor R. in  the sum m er of 1998 to develop the 

curriculum  for an  experim ental section of Engineering Thermodynamics to  be 

taugh t in  fall of 1998. Professor R. en d ed  u p  tak ing  a  sabbatical in  the fall, so 

he p lanned  to  teach the course the  follow ing spring. H ow ever, he ran  in to  

opposition w h en  he asked the d ep artm en t for perm ission to ru n  the 

experim ental section. The d epartm en t chairm an rejected the idea because the  

students w o u ld  no t be able to u se  C yclePad o n  the Engineer-in-Training (EIT) 

exam. Furtherm ore, o ther instructors voiced their dissen t and  concerns a b o u t 

CyclePad. Professor R. related the ir issues:

The instructors are  against [me using  CyclePad] because they feel 

tha t if they use too m uch C yclePad the studen ts w ould have lost 

the ability to do  problem s by  hand . A nd that's  to their 

d isadvantage. Particularly o n  the  EIT exam  o r Professional 

Engineering exam  w here yo u  w o n 't  have those things for them  an d  

you have to do  them  by hand . So m any  concerns are like that. " 

(Interview  M arch 22,1999; tap e  1 p. 1-2).
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In contrast, Professor R. w as able to teach Energy Conversion w ith  CyclePad 

in an  alm ost "ideal" fashion. H e could assign w hatever projects he w an ted  to 

and  determ ine how  an d  w hen  students used  CyclePad. There w ere no 

departm ental constraints on  either the content of the course or the use  of 

software. The only limitations, w hich he encountered, w ere those posed  by the 

softw are itself.

Ideal Software: Viewing fundamental equations

One of the w eaknesses Professor R. identified in using  CyclePad to solve 

textbook problem s w as tha t he felt it d id  no t make the link clear betw een the 

fundam ental therm odynam ic equations and  Cycle Pad 's problem  solution.

O ne of Professor R /s ideas for im proving CyclePad w as to give instructors an  

option of d isplaying the three governing equations (first law, second law , and  

continuity) in  the software. H e w an ted  students to be able to see how  w hat 

they inpu t in  CyclePad w as used  in solving the equations. He explained his 

rationale for this:
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W hat w e do  in  classroom  teaching  [is that] w e show  the  cycle and  

w e  show  the system  a n d  then  w e  tell the studen ts h o w  to solve it 

by  using this equation  o r  th a t equation  or a com bination  of 

equations and  then  again  in p u t values in CyclePad ... you  define a 

process, in p u t values in  an d  here  comes the ou tpu t. B ut it doesn 't 

have the equations. So th a t's  w h a t w e need. T hat w o u ld  be 

advantageous for CyclePad to  be used  in  first level -  for 

[Engineering Therm odynam ics]. T hat is necessary. But for the 

[Energy Conversion] s tuden ts  it 's  no t necessary because they 

already know  th a t . ... (In terv iew  M arch 22,1999; tape  #2  p. 13)

W hile Professor R. w as aw are  th a t the  softw are's exp lanation  system  could 

be u sed  to  display equations, he apparen tly  d id  n o t feel th a t this w as adequate 

for instructional purposes. H e felt v e ry  strongly tha t there  w ere  only three 

governing  equations tha t studen ts needed  to focus on  an d  th a t tha t w as all 

th a t needed to be displayed. The exp lanation  system  show s m any different 

equations in several different form s (depending  on  w h a t variables are know n).
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Course Comparison: What was versus what could be

Professor R. in tegrated C yclePad across the  b read th  of the in troducto ry  

therm odynam ics curricu lum , how ever, w ith  only increm ental changes in  

teaching (as show n i n , q u a d ra n t 2). In  his Energy Conversion course, h is use 

of CyclePad led to fundam enta l instructional change by engaging s tu d en ts  in  

open-ended  problem  so lv ing  an d  linking  the ir studies w ith research  (see 

q u ad ran t 4).
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Figure 16: Professor R /s  "enacted" v. "ideal" teaching
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the trajectory to the "im m ersed" CyclePad course. In  this ideal, studen ts 

w ould do  alm ost all their w ork  in  CyclePad and  use the softw are o n  exams. 

While by 1999 he h ad  m anaged  to  integrate CyclePad across the cu rricu lum  of 

Engineering Thermodynamics, he w as n o t allowed to m ake it a requ ired  p a rt of 

the course o r to have s tuden ts use it o n  exams. Several factors m ake th is a 

difficult change to envision. First, there  is the problem  of the departm en t's  

goal of standard izing  the Engineering Thermodynamics sections. This does n o t 

allow for indiv idual professors to a lter the curriculum . Second, there is the 

problem  of the m ilitary  s tu d en t cu lture. The "gentlem an 's C" is an  acceptable 

level of achievem ent. Since studen ts a re  required to  g raduate  in  four years 

they m u st m ake passing  g rades in  all their courses. This com bined w ith  their 

busy schedules of athletics, academ ics and  m ilitary training, acts to low er 

students ' academ ic standards. As Professor R. po in ted  out, studen ts w ou ld  do 

w hat w as asked of them , b u t they w ould  no t do  w h a t w as optional. Therefore, 

Professor R.'s optional use o f CyclePad in Engineering Thermodynamics d id  

little to engage studen ts in  using  the  software.
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In  Energy Conversion, P rofessor R. h a d  students use  CyclePad as a research 

tool for projects. Since he w as the  only  instructor for the  course, he had  the 

la titude  to  structure an d  teach  it in  an y  w ay  he w anted . In this course, he 

dem onstra ted  a m ore am bitious pedagogy  th a t linked learning, teaching and  

research. In this course, Professor R. d id  n o t follow  a  textbook and  thus m ade 

u p  his ow n  curriculum , w hich  consisted  of several sh o rt projects and  one 

longer term  paper. S tudents u sed  C yclePad for som e projects a n d  the term  

p ap er analysis of an  energy  system . Professor R. linked CyclePad usage to  his 

research  articles, and, as m entioned  earlier, tw o of the s tu d en t term  papers 

w ere  published in  research journals. In  th is way, Energy Conversion w as 

pedagogically  am bitious th ro u g h o u t th e  b read th  of the  curriculum .

The differences in teaching betw een  the  tw o courses is perhaps sim ilar to 

th a t found  by Spillane (1995) w ho  exam ined a  public school teacher's teaching 

of tw o different subject areas. H e found  th a t the teacher show ed  am bitious 

pedagogy  in language a rts w hile teach ing  m athem atics traditionally. In this 

case. Professor R. w as teaching tw o  courses w ith in  the sam e dom ain  of 

m echanical engineering, y e t the  degree to  w hich he w as able to  innovate w ith
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C yclePad w as quite  different. In  in teracting  w ith in  his w ork  context, Professor 

R. concep tualized  it differently for Engineering Thermodynamics than  for Energy 

Conversion. H is dua l uses of C yclePad (as a teaching tool in  the in troductory  

course versu s as a  research tool in  the  advanced  course) and  his view s on 

s tu d en t m otivation  an d  his reaction to  departm ental constraints factored into 

his construction  of the curricu lum  a n d  the ensu ing  enactm ent. This case 

prov ides ev idence th a t the teaching practices of one individual m ay vary  even 

xvithin a  dom ain . If w e look only a t  one course, it m ay no t necessarily be 

indicative of an  instructor's teaching capacity. The instructor's negotiation of 

his w ork  env ironm en t — from  the  c lassroom  an d  curriculum  level u p  th rough  

d epartm en ts to national professional exam s -  factor into the style and  

d evelopm en t of teaching practice a t the  classroom  level.
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CHAPTER 6 

INSTRUCTOR O. AT NW U 

This case describes the usage of CyclePad in  tw o courses a t N orthw estern  

U niversity  (NWU). The im plem entations w ere  quite different; one reached 

b road  curricu lar integration ye t w ith  lim ited pedagogical impact. In the o ther 

course, C yclePad w as im plem ented w ith  a  fundam entally different pedagogy, 

how ever, lim ited  to one a sm all slice of the course. One of the factors that 

m akes th is case unique, com pared w ith  the preceding two, is th a t the 

CyclePad instructor's actions w ere the results of negotiations w ith  the courses' 

regular professor regarding  allotm ent of tim e, choice of activities and  content 

coverage. Instructor O .'s role w as only to teach about CyclePad b u t no t to 

teach the o ther lectures in  the course. This fram ed how  he view ed the 

possibility of his role in  the classroom  and  the  extent of his curriculum  

developm ent activities. His inability to im pact both pedagogy a n d  curriculum  

lim ited the  outcom e of Instructor O .'s w ork  so th a t neither course had  a  bo th  

b road  curricu lar change w ith  a  fundam entally  revised pedagogical approach.

162
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U nlike the previous tw o cases, a t  N W U  there w as a team  of researchers, in  

add ition  to the actual instructor, involved  in  the planning  an d  im plem entation  

of the  CyclePad interventions a t th is site. The team  consisted of com puter 

science g raduate  students, program m ers, a learning science g raduate  s tu d en t 

(me) an d  a  m echanical engineering g rad u a te  stu d en t (Instructor O.). In the 

early  years of classroom  interventions, one of the com puter science studen ts ,

G. acted  as CyclePad instructor. By 1997, he had  g raduated  and  left NW U. The 

research for this dissertation begins a t  the  poin t w here Instructor O. had  

assum ed the role of CyclePad in tervention  instructor.32

This chap ter begins w ith  a  descrip tion  of the professor an d  his w ork  

context. This is followed by a n  analysis of his teaching w ith  CyclePad as a 

guest lecturer in  tw o courses and  h is ideal v ision of teaching. The chapter 

concludes w ith  a  com parison of his enacted  versus ideal teaching.

32 In this chapter, I refer to O. as an "instructor" rather than "professor" as he was not 
appointed to the faculty of NWU.
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Instructor Profile

Instructor O. tau g h t the C yclePad interventions from  9 6 /9 7  to the p resen t 

(99/00) school year. D uring  th is tim e, Instructor O. w as com pleting his 

m echanical engineering Ph.D. H e h ad  joined the research  g roup  as a  subject 

m atter expert to  a id  in  the  creation  an d  testing of Cycle P ad 's  know ledge base. 

W ith  G /s  departu re . In structo r O. becam e involved m ore directly in  the 

classroom  research. I w orked  closely w ith  Instructor O . o n  the  design of 

cu rricu lum  from  a pedagogical perspective while O . con tribu ted  his expertise 

in  the subject m atter an d  know ledge o f the engineering studen ts  th a t he  had  

gained from  his experiences a t  a  teaching assistant.

As an  undergraduate , Instructor O. h ad  chosen to  s tu d y  engineering a t 

California Polytechnic State U niversity  (CalPoly) because it w as m ore hands- 

on  than  the other engineering  program s he was considering. H e described the 

difference he perceived betw een  N W U  an d  CalPoly:

N orthw estern  isn 't kn o w n  for be ing  a hands-on school w hereas Cal 

Poly, a t least w hen  I w as there, their whole a d  cam paign  to get
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engineers w as tha t you  leave this school and  get h ired  by  Hew lett 

Packard and  you know  how  to use  a spectrum  analyzer. So p a rt of 

the reasons students w en t there, p a rt of the reason I w en t there, — 

as opposed to Berkeley — is tha t I 'd  have real skills w hen  I leave. 

(Instructor O. in terview  7-28-99; ta p e l p. 6)

O .'s p rio r instructional experiences included being a  teaching assistant and  

tu to r for engineering courses. H e h ad  been a teaching assistan t for 

Thermodynamics II in  1997. In  com paring  his ow n experience as a studen t in  

therm odynam ics to th a t w hich  he saw  a t NWU. H e noted th a t NWU 

therm odynam ics courses d id  no t have any laboratory sections associated w ith  

them . H e felt th a t NW U w as no t as hands-on of an  engineering program  than  

w h a t he h ad  experienced a t  CalPoly. H e explained:

[My education] w as n o t different in  how  the lectures w ere rim, bu t 

w ere very different in  how  the labs w ere connected. Y ou 'd  get into 

the lab and  ru n  experim ents every w eek and  spend  three hours
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doing this and  it really helped you ou t if you knew  the concepts. 

(Instructor O. interview  7-28-99; tap e l p. 5)

His experiences w ith  laboratory therm odynam ics helped  h im  to understand  

how  to apply  the principles learned in class to real-w orld  engineering 

problem s.

Professional Context

U niversity

Founded in  1851, NW U is a  private research university  school w ith  

approxim ately 15,000 studen ts (~ 7,600 undergraduates) and  over 2,100 full­

tim e faculty m em bers. The m ain cam pus is located in  231 acres in  a 

neighboring suburb  of Chicago. Classes are offered on  a  q u arte r system  (fall, 

w inter, and  spring). N orthw estern  is a highly selective university  w here, for 

exam ple, eighty-seven percent of the class w ho entered  in  the fall of 1998 had  

graduated  in  the top ten  percent of their high school class. W hile valuing 

teaching, research also plays a major role in  the school's m ission:
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The research p rog ram  a t N orthw estern  is a  m ajor com ponent of 

U niversity efforts, assuring  institu tional leadership in  scientific 

discovery, intellectual inquiry, an d  creative perform ance. The 

character of th is research  shapes all a reas of U niversity endeavor, 

especially g radua te  education  as w ell as underg raduate  stud ies ...33

Thus, like m any  o ther elite research universities, the focus in  on  professors 

do ing  research, ra th e r th an  o n  exem plary teaching. A t schools such as UALR 

and  USNA, the  teach ing  of studen ts is a  top  priority . W hile professors there 

are still expected to d o  research, there are  few er institu tional supports.

Department and Collaborators

Two m echanical engineering  professors, L. an d  T., collaborated on the NSF 

gran t by allow ing CyclePad to  be used  in  their therm odynam ics courses. Both 

w ere tenu red  faculty m em bers w ith  m any  years' experience in  teaching

33 From http://www.nwu.edu/factbook/factbook99/facts4.html
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therm odynam ics34. They w ere  given several dem onstrations of the softw are as 

well as a com puter on  w hich  to  use the program . H ow ever, a lthough  they 

w ere willing to try  C yclePad in  their class, over the  years ne ither learned 

m uch about how  to  opera te  the  softw are them selves. This is perhaps one 

reason w hy they  never took  over as instructors in  the  CyclePad interventions 

and  w ere happy  to  le t Instructor O. lead tha t p a rt of the class. In fact,

Professor L. w rote:

CyclePad is an  in teresting  application of com puters in  a  learn ing  

environm ent. I had  the  g rea t advantage of hav ing  Instructor O. on 

hand to com pletely ru n  the  CyclePad portion of the course. H e 

developed C yclePad problem s directly from  the  text (Cengel &

Boles). This gave m e the  opportun ity  to p resen t those problem s to 

the class as [the students] w ere also w orking them  using  CyclePad. 

W ould I have used  CyclePad if Instructor O. d id  not participate? I

34 Unlike the professors in the previous two case studies, NWU faculty who are active in 
research teach fewer courses per term. Those at NWU who are not actively doing research 
may be teaching two or three courses a term.
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doubt it. But, if I w ere a  younger faculty m em ber p reparing  a set of 

notes for a  therm o class and  w orking  tow ard  tenure  I m igh t 

consider C yclePad as an  effective adjunct to m y teaching duties ... 

Professor L. from  survey  October 25,1999)

Course and Classroom

For this d issertation , I follow ed Instructor O /s  teaching in  Professor T /s  

Thermodynamics II an d  in  tw o sections of Professor L /s  Thermodynamics I. 

Thermodynamics I  covers the first half (through C arnot cycles) of the Cengel 

and  Boles" (1998) Therm odynam ics: A n Engineering A pproach. There w as no 

pedagogical reason  for n o t covering m ore types of cycles in  the first course; it  

w as an artifact of N W U 's 10-week quarter system  tha t the cycle chapter was 

covered in  the second course. A t o ther schools, such as USNA, cycles are 

taught a t the  e n d  of the  first course. Thermodynamics II covers the  second half 

of Van W ylen an d  Sonntag 's (1994) Fundam entals of Classical 

Therm odynam ics inc lud ine  the chapters on  specific cycles (e.g., O tto, Diesel, 

Rankine, etc.).
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All courses m et in  a regular classroom  (rows of desks w ith  blackboard in  

front). For som e of o u r CyclePad interventions, the class m et in one of the 

com puter laboratory  "sm art classrooms" in  the engineering building. The 

com puter laboratory  h ad  a w orkstation a t  every s tuden t's  desk and  an  

overhead projector th a t allow ed the instructor to project his com puter d isp lay  

onto the front w all. A t o ther times, a portable projector an d  a laptop com puter 

w ere brough t to  the  regu lar classroom in  o rder to p resen t dem onstrations 

w ith  CyclePad.

S tudents

D uring this study , Thermodynamics II had  approxim ately  30-40 studen ts 

enrolled. Thermodynamics I, which is offered in  several sections each quarter, 

had  approxim ately 10-15 students per section. There w ere m ore m en than  

w om en in  the courses (w om en represented u n d er 25% of these classes). The 

students in  Thermodynamics I were m ostly sophom ores (75%); approxim ately  

half w ere m echanical engineering majors. The o ther half of the studen ts 

represented the full spectrum  of engineering disciplines (e.g., industrial, civil,
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biom echanical, electrical, and  com puter science). T he Thermodynamics II 

s tuden ts w ere all m echanical engineering s tu d en ts , the m ajority of w hom  

w ere in  their sen ior year.

Teaching with CyclePad

In th is section, I discuss Instructor O. a n d  th e  research  groups" goals for 

im plem enting  C yclePad in  therm odynam ics courses, the curricula w e 

developed  for the tw o  NW U courses and  the  e n ac tm en t of the curricula.

Educational Goal; Conceptual Understanding

O ne im portan t goal for using  CyclePad in  teach ing  therm odynam ics w as 

to increase s tu d en ts ' conceptual understand ing  o f th e  dom ain. By autom ating  

the m undane  aspects of problem  solving, w e  h o p ed  th a t CyclePad w ould  

a llow  studen ts to  focus on  design strategies. In  therm odynam ics, this requires 

m aking  several sim plifying m odeling assum ptions ab o u t the system  tha t will 

u ltim ately  allow  application of specific form ulas to  calculate num eric values. 

W hile m ost textbook problem s em body bo th  aspects -  m aking m odeling
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assum ptions a nd  perfo rm ing  equation m anipu lation  an d  calculations, w e felt 

th a t the form er (i.e., m odeling) w as w here conceptual understand ing  is 

exhibited. Instructor O . explained:

[While] there is som e talent required  to  getting  num erical answ ers;

I think ou r assum ption  is tha t ultim ately  all th a t cleverness is in  

m aking the assum ptions. If you m ake the  assum ptions and  you  are 

fastidious abou t keep ing  the equations in  line, then  you will ge t the 

righ t answ ers [w hether] doing it by hand  or do ing  it in  CyclePad. It 

turns out, th a t w h en  you  do  it by h an d  there 's a  lo t m ore g rind ing  

to do  b u t you 're  n o t being anym ore clever do ing  the grinding  — 

you 're  just do ing  the  grind ing  -  p lugging  three different num bers 

into a com plicated equation  to get ano ther answ er out. It's m ore 

w ork b u t you  h a v en 't learned anyth ing  m ore. (Interview w ith  

Instructor O. 7 /2 8 /9 9 ; tape 2 p. 6)

Instructor O. d iscussed  problem  solving as being a  shift aw ay from  

form ula m anipulation  a n d  tow ards conceptual understanding. Since students
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using CyclePad d id  n o t need to derive equations and  calculate values, he felt 

that students cou ld  focus on  m aking the m odeling assum ptions and  

exam ining the consequences of their assum ptions (e.g., answ ering  questions 

such as: W hy does the  efficiency equal a  certain  value? W hy does the dryness 

of the turb ine ou tle t vary  w ith  the mass-flow?). Instructor O. explained:

In theory, none of the things that CyclePad m akes easy for you are 

things th a t y ou  really w an t the studen ts to have to know . Like they 

shou ldn 't really  know  how  to derive from  the first law  to som e tiny 

equation. It 's  ju st m aking the assum ptions that is im portan t...

W hat changes is tha t it becomes key to ask the questions — the 

"w hy" questions. That's just no t a  p a rt of the traditional 

course w ork. (Interview  w ith  Instructor O. 7 /28 /99 ; tape 2 p. 3)

As described below , one of ou r goals became to use CyclePad to bring these 

"w hy" questions in to  the therm odynam ics curriculum .
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CyclePad in Thermodynamics I

From  our w ork  w ith  o ther professors, w e realized th a t C yclePad could  be 

used in  in troductory  therm odynam ics if several m odifications w ere  m ade. By 

add ing  features to th e  closed-cycle design  interface, s tuden ts  cou ld  now  use 

the softw are to analyze indiv idual processes. This w as key  to  in tegrating  

CyclePad w ith  the con ten t and  app roach  used  in the first chap ters o f m ost 

therm odynam ics textbooks.

By Spring quarte r '99, w e w ere read y  to try  the new  version  of CyclePad 

w ith  students in  Thermodynamics I. Professor L. was w illing  to le t us integrate 

CyclePad into his tw o  sections of the course. We had  learned  from  ou r 

experiences in Thermodynamics II, as w ell as from  the experiences o f schools 

such as USNA an d  UALR, that the CyclePad in tervention  w o u ld  be m ost 

successful if perceived by students as a p a rt of regular course w ork . We had  

come to realize that CyclePad had  em bedded  in  it a n  assum ption  th a t users 

had  a base-level understand ing  of therm odynam ics. Therefore, w e  saw  it as a 

challenge to teach novices how  to use  the software w hile they w ere  learning
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therm odynam ics. W e th en  created  a series of design exercises tha t supported  

the g row th  of bo th  the ir know ledge of the softw are and  the  subject m atter.

To in tegrate  the  C yclePad curricu lum  into the course, Instructor O. 

proposed several w ays in  w hich he could  participate. H e explained:

I do  see perhaps th ree  areas w here there are w orthw hile  w ays to 

in tegrate  the  softw are  into the  curriculum .

First, I th ink  it w o u ld  be beneficial to the studen ts to  have several 

sessions w here  they  m eet in  MG45, the com puter lab, an d  give 

them  a hands-on  in troduction  to  CyclePad and  assist them  in  using  

it to  help  solve som e problem s. I estim ate tha t m eeting  four tim es 

(perhaps on  a lterna ting  hom ew ork days starting  the  second week) 

w ould  be enough.

Second, w here  there  is an  appropria te  opportun ity  to  m odify a  

book problem  so th a t it  m ay be an  illustrative C yclePad problem , I 

w ould  like to  d o  that. I th ink  this w ould  alter ab o u t tw o  hom ew ork  

problem s per w eek.
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T hird, there m ay be a good oppo rtun ity  to  give students a jum p- 

sta rt on  therm odynam ic cycles by  m odifying the last w eek's 

scheduled lectures to introduce the basic cycles. Professor T. begins 

the  [Therm odynam ics II] course w ith  the Van W ylen chap ter on 

irreversibility, availability, e t cetera, so  the students w ould  not 

necessarily m iss that m aterial. (From  e-m ail 2 /1 2 /9 9  Instructor O. 

to Professor L.)

This, in  fact, became the p lan  for the  S pring  '99 CyclePad intervention. As 

show n below  in  Figure 17, there w ere six CyclePad lectures. For hands-on 

w ork, the class m et in  the com puter lab. For his lectures, Instructor O. b rought 

a projector to  the regular classroom  to dem onstrate  CyclePad. S tudents 

subm itted hom ew ork and  questions th ro u g h  Cycle Pad 's e-m ail system. 

H ow ever, they also used class time to ask  questions. W e used  the final w eek 

of the course to have students try cycle design  problem s. Instructor O. and  I 

only a ttended  class w hen he w as teaching except in  one instance in  the last 

w eek of the term  w hen  the professor w as teaching about cycles. W e a ttended  

that class to ensure  that w hat w e p repared  for the students m atched their final
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lectures. This w as no t necessary du ring  the  res t of the term  as Professor L. w as 

follow ing the textbook sequentially.
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Figure 17: Thermodynamics I syllabus 1999

0 1 .0 3 /2 9 §1.1-1.3 Therm odynam ics; energy; basic ideas
02. §1.4-1.8 Energy forms; properties; state; processes; the s ta te  postulate
03. §1.9-1.10 P ressure a n d  tem perature
04. Problem s (1): 1-10E, 1 2 ,4 3 .4 6 .53E. 77,82  & CvcIePad In troduction
0 5 .0 4 /0 5 §2.1-23 P ure  substances; phases; phase change
06. §2.4-2-5 Property  diagram s; v ap o r pressure
07. CP & §2.6 P roperty  tables: process vs equation of state. CvcIePad dem onstration
08. ProbIems(2): 2-26, 2934E, 44, C P I, 52, CP2, 74 ,84,99,104,
0 9 .0 4 /1 2 §2.7 Ideal gas
10. §3.1-3.4 H eat an d  work; polytropic processes
11. §3.4 C ontinued
12. §35 The F irst Law  of Therm odynam ics
1 3 .0 4 /1 9 §3.7-3.8 The free expansion: specific heats. CvcIePad dem onstration
14. ProbIems(3): 3-18, 22,23, C P3,3 8 ,44E, C P 4 ,5 7 ,6 4 ,6 9 ,7 4 ,77 ,83 ,86 ,102 ,105
15. Problems(3): 3-117,161,168,180
16. §4.1-4.2 F irst Law for control volum es (open systems)
1 7 .0 4 /2 6 §4.3 Exam ples o f open svstem  problem s. CvcIePad dem onstration
18. D etailed discussion o f h eat engines an d  heat pum ps
1 9 .04/28 W ed 1st M id-term  exam: C hap ts. 1& 3 ** (6:30pm) **
20. ProbIems(4): 4-11,16,22, CPS, 32 ,33 ,45 , C P 6 ,60 ,66 ,90 ,100 ,141 ,147
2 1 .0 5 /0 3 §5.1-5.5 C lausius & Kelvin-PIanck statem ents o f 2nd Law
22. §5.6-5.8 R eversib le/ irreversible processes; the C am ot cycle
23. §5.6-5.8 continued
24. §5.10 Therm odynam ic tem perature  scale
25 .0 5 /1 0 Problems(5): 5 -21 ,26E, 28,56,57,58E, 6 3 ,8 7 ,9 7 ,103E, 130,131,136
26. §6.1-6.2 E ntropy  defined; calculations
27. §63-6.5 Increase o f entropy principle; en tropy  generation
28. §6.6-6.9 D iagram s; calculation of en tropy  change
2 9 .0 5 /1 7 §6.10 E ntropy  change, ideal gases
30. §6..11 Reversible, steady-fiow  w ork
31.05/19 W ed 2 n d  M id -term  exam: C hap ts. 4,5 ** (6:30pm) **
32. §6.12,13 A diabatic efficiencies; steady-flow  devices
3 3 .0 5 /2 4 §6.12,13 continued . CvcIePad dem onstration
34. §6.14 E ntropy  balance
35. Problems(6) 6-27, CP735,42,46,56C,63,79,108,133,139
36. ProbIems(6) continued
37. 05/31 Memorial Day
38. §7.1,2 Exergy
39. §7.1,2 CvcIePad laboratory CP8
40. §73 Second-law  efficiency
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C urriculum : C reating  CvcIePad problem s from  textbook problem s

The problem s th a t w e created  for Thermodynamics I were based  on  

problem s from  the s tuden ts ' textbook. W e m ad e  th a t decision, in  part, to  keep  

the  CyclePad curricu lum  tightly  in teg rated  w ith  the  standard  course 

curriculum . To m odify the book  problem s, w e began  by try ing  to solve the 

problem s using  CyclePad. This step o ften  elim inated  m any problem s because 

som e problem s w ere ou t of the  scope of C yclePad or w e encountered  a  b u g  in  

the  softw are w hen  w e tried to  solve them . W hen w e d id  find a  problem  th a t 

w as solvable, w e could  ask, "W hat's the  p o in t o f th is problem ? W hat could  the 

s tu d en t learn  from  this?" As show n  in  F igure  18, the original problem s often 

ju st asked the s tu d en t to p roduce  a num eric  answ er. We w anted  studen ts to 

go beyond  tha t an d  to think abou t the im plications of the resu lt they 

generated  an d  how  those results related  to  the  concepts tha t they  w ere 

learn ing  d u rin g  the lectures.

For exam ple, w e w ould  s ta rt by try ing  to  solve a  problem  in CyclePad such  

as th a t g iven  in  Figure 10. T hen w e w ou ld  discuss w h a t principle o r concept
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m ight be illustra ted  by the problem . In  th is case, Instructor O. explained to  m e 

that the p rob lem  could be u sed  to illustra te  the steam  dom e35 since the 

substance is transform ed from  a  sa tu ra ted  liquid  th rough  the v a p o r/liq u id  

m ixture phase  to a  saturated vapor. In  the  s tu d en t version of the textbook the 

answ er to  the  problem  is given, thus it is on ly  u p  to the s tuden t to figure o u t a 

pa th  to th e  answ er. Interestingly, the answ er (-8°C) is the sam e as the original 

tem pera tu re  stated  in the problem  descrip tion. The textbook, how ever, does 

no t m ake m ention  of this or ask  the s tu d e n t to  com m ent or reflect upon  this. 

This is w here  Instructor O. saw  an  opp o rtu n ity  to im prove u p o n  the learning 

experience of the student and  use Cycle P ad 's  analysis tools to create a richer 

problem .

In the  version  of the problem  tha t w e developed for use w ith  CyclePad, 

the s tu d e n t h ad  to explain why the tem pera tu re  is equal to the starting 

tem pera tu re  (see m odified problem  in  Figure 18). Instructor O. felt that it w as

33 The important learning point about the steam dome is that in the transition from a
saturated liquid to a completely saturated vapor heat is required, however the temperature 
of the substance will remain the same.
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im portan t th a t students learn  to  evaluate  answ ers and  to  think ab o u t h o w  the 

theories link to specific problem s a n d  solutions. By m aking use of Cycle P ad 's  

sensitivity tool, students w ere  also  a sked  to explore tha t relationship betw een 

the final tem perature and  volum e. The sensitivity tool generates p lots o f the 

relationship of tw o variables. T hus students can  choose a  range of ou tle t 

volum es and  see how  the tem pera tu re  varies. The focus of the m odified  

problem  w as for students to  th ink  a t  a  conceptual level rather than  ab o u t 

num ber crunching.
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Figure 18: Textbook p roblem  w ith  CvcIePad m odifications

Problem 3-46 (Cengel, 1998; p. 172)
Note: Italics indicate modifications to original problem

Commentary

(original problem)
A piston-cylinder device with a set of stops contains 10 
kg of refrigerant 134a. Initially, 8 kg of the refrigerant is 
in the liquid form, and the temperature is -8°C. Now  
heat is transferred slowly to the refrigerant until the 
piston hits the stops, at which point the volume is 400 L.

This problem does not ask 
the student to explain why 
there is no temperature 
change.

(modified version for CvcIePad)
Determine the temperature when the piston first hits the 
stops.
Hint: pick final phase saturated.
Explain the temperature difference between the start and stop. 
Determine the work done during this process.
Show the process on a P-v diagram
Use sensitivity analysis to examine the relationship between
the T  at the inlet and the outlet volume.
Answers: (a) -8°C, (b) 45.6 kJ

In our version, students 
must explain the concept 
behind the answer and 
explore it further by 
examining the relationship 
between temperature, 
pressure and volume.

Instructional Strategies: R epresentations of know ledge

Instructor O. u sed  the seven  lecture periods th roughou t th e  term  to (a) 

show  students how  to  use the  softw are (b) dem onstrate h o w  to solve 

problem s and  (c) rev iew  hom ew ork  problem s. D uring Instructor O .'s 

CyclePad dem onstrations, he show ed studen ts how  C yclePad 's representation
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of know ledge w as, in fact, the sam e as the theories th a t they w ere learning in 

class. Instructor O. m ade explicit to  studen ts the link  betw een the  m odeling 

choices they m ade in  CyclePad a n d  the therm odynam ic concepts.

A vignette of Instructor O .'s typical instructional style is p resen ted  in  Table 

16. (Since he w as teaching tw o sections of the sam e course, I w as able look for 

them es both  across lectures an d  across sections.) I have chosen th is exam ple 

because it illustrates how  he u sed  CyclePad as a  platform  for sim ultaneously 

explaining h o w  to use the softw are from  a functional perspective an d  how  to 

th ink  about CyclePad diagram s from  a learning an d  conceptual perspective.

In this exam ple, he used a sim ple tu rb ine system  to illustrate h ow  the state 

postulate, ideal gas law  and  p ro p erty  tables are used to  solve for values in the 

system  (as show n in  Figure 19). Instructor O. dem onstrates that if he  changes 

the stuff36 in  the system  the conditions under w hich to app ly  the ideal gas 

law .37 In the transcript, I have underlined  pertinent passages. In  the  second

36 "Stuff" is the term used by CyclePad to refer to the substance running through a system
37 Professor L. had told us, after one of the students' exams, that several had made the mistake 

of applying the ideal gas law to water (which is not an ideal gas). One thing that Instructor
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colum n, I provide com m entary abou t how  the passages relate to  them es in 

Instructor O /s  teaching.

Figure 19 CvcIePad turbine diagram  used  in  teaching vignette

S0URCE1 S1 TUR1 S2 SINK1

Table 16: Teaching vignette

Narrative Commentary
[Instructor O. is entering values into the meter window of the 

stuff38 entering a turbine] [He first selects the temperature.] 

We'll assume 500 degrees C — that shows up in green. And 

the two other parameters, which depend only on the 

temperature of the device, show up in blue because CyclePad 

knows those. We also want to assume pressure — the two 

typical things we pick when we do these problems — we sav

Explains steps for using 
CyclePad to solve problem

Points out how CyclePad 
uses the state postulate'’9 to

O. and I felt was important was to illustrate points such as these which seem obvious to an 
expert in the field, but are subtler to some students.

»  See 36.
39 The state postulate is "the values of any two independent thermodynamic properties are 

sufficient to establish the stable thermodynamic state of a control mass composed of a pure 
simple compressible substance. [Howell, 1992 #285; p86]
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Narrative Commentary
10 atm. And CyclePad knows the rest of the intensive 

properties for this stuff. Because once vou know two 

intensive properties for a stuff — I think vou guvs have hit 

this — ...vou prettv much know everything about the fluid at 

that state.

solve for many values (this 
is why students need only 
enter temperature and 

pressure)

Mot all of the numbers that show up in CyclePad inferred 

from assumptions we made are easy to track down. But since 

and since vou're learning thermo vou do want so see where

Encourages students to 
develop an understanding 

through exploring the 
rationale behind CyclePad's 
calculated values

those numbers came from. The wav vou do that is —w e will 

use the volume as an example—you hold the mouse over it 

and click on it and ask why does the volume equal what it 

does.

[He then explains how to interpret the explanation window.]

You can use this to hunt through any of the values that 

CyclePad comes up with... Let's say you want to know why 

little-v equals what it does. It savs little-v equals what it does 

because it used the ideal gas law, that's that equation there.

Links the value CyclePad 
generated with the 
governing equations and 
explains how other values 
are calculated from the same 

formula.
P=RT over little "v" and it knew these values for other

things.

[He shows explanations for T and R too.]

.. .Now lets say, for instance that w e don't want this thing to 

be actually made of air. So w e click on air, go to retract the 

choice air and it takes it away. Now it [the substance] is 

unknown. It still knows the temperature and pressure and

Shows how state postulate 

requires not only two 
independent states but also a 

specific substance to
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Narrative Commentary
mass because vou put those in, but it doesn't know anvthine calculate the other values.

else because it needs to know what fluid vou are working

with. So if we go back to unknown and select the substances 

as being water.

You'll notice that the meter window changes a little b it It still 

knows that the phase is gas and vou could actually ask it 

whv that is true. You'll notice its added these saturation 

properties, "v" sub "f", "v "sub "g" for water, since water 

can go through phase change because CyclePad uses tables.

A minute ago we looked up v  for air and we found out it

Encourages inquiry into 
CyclePad assumptions

Demonstrates o f application 
of laws depends on initial 
modeling assumptions

Shows students that 
CyclePad is not using the 
ideal gas law for water but 
using the property tables to 

calculate the volume.

used the ideal gas law. If we ask the same question for water.

we find out that "v" equals what it does because CvcIePad

went in the tables and looked up the value for steam at that

temperature and pressure.

(Instructor 0 . 4-2-99 Intervention Day #1, Section #1; Video 2 p. 3)

CvcIePad in  Therm odynam ics I I

In  fall quarter of 1996, before Instructo r O. becam e the instructor for the 

CyclePad interventions, ano ther m em bers of o u r research (S tudent G.) team
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piloted several design  problem s (see problem s in  A ppendix  C) in  Professor 

T /s  Thermodynamics II course. A t th a t point, the  softw are w as n o t very  stab le— 

it crashed often a n d  w o u ld  ru n  ou t of m em ory. This caused quite a b it of 

frustration for the  studen ts . By the follow ing year, m any  of these technical 

difficulties had  been fixed an d  w e w ere eager to try  again. In  fall quarter of 

1997, we im plem ented  the  sam e problem  se t w ith  the sam e course and  

professor. In  this section, I describe the evolu tion  of the curriculum  design and  

enactm ent in  Thermodynamics II and  how  the context o f the course (its students 

and  regular Professor) w as a  major factor in  shap ing  w hat ensued.

Professor T. w as w illing  to let Instructor O. ho ld  only one lecture during  

the term  (as he h ad  done  w ith  S tudent G.) W hile w e requested  m ore in-class 

tim e w ith  the students, Professor T. felt that the  studen ts only needed the one 

dem onstration of CyclePad. In  S tudent G /s  dem onstration , the studen ts had  

been in a  regular classroom  and  w atched as he  dem onstrated  CyclePad via a 

projection screen. The s tuden ts w ere qu iet th ro u g h o u t the class and  never 

asked any questions. I w as concerned th a t they  w ou ld  ru n  into difficulties 

w hen  they w orked  o n  the  softw are on  their ow n. For this reason, I suggested
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to Instructor O. tha t w e hold  the dem onstra tion  in  the com puter laboratory so 

tha t s tuden ts could learn  from  a  hands-on  experience. Instructor O. created a 

w ritten  tu torial w ith  screen im ages so  th a t he could  dem onstrate som e of the 

features of CyclePad to the s tuden ts a n d  then  they could sta rt the tutorial in 

class a n d  then  continue it on  their ow n.

Students w ere also g iven the hom ew ork  assignm ent to w ork  on in  their 

ow n tim e. Their only face-to-face contact w ith  Instructor O. w as in  du ring  the 

d em o n stra tio n / tutorial. The studen ts w ere able to  contact Instructor O. and  

subm it their hom ew ork answ ers th ro u g h  C yclePad 's e-m ail coach. W hen 

Instructor O. answ ered studen ts ' questions, he  w ould  send an  e-mail to the 

w hole class to inform  them  abou t a h in t to solve a  problem  or a m istake in  the 

w ord ing  of a  question. By now  the softw are w as m ore stable, yet students still 

struggled  to solve som e of the problem s Even w ith  the hints they received, 

som e studen ts w ere unable to solve a  few  of the problem s.

W hen w e re-visited the cu rricu lum  for use in  fall of 1998, w e looked very 

closely a t each problem  to determ ine w h a t students could learn. We found
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th a t som e of the problem s w ere  too constrained  an d  d id  no t p rom ote  open- 

ended  design w ork. W ithou t this, problem s becam e cookbook exercises. This 

realization led us to decide to  d ro p  tw o of the  problem s an d  create  a  new , 

open-ended design problem . As show n in  Table 17, w e elim inated  tw o 

problem s and  ad d ed  an  open-ended  design  prob lem  th a t w as in ten d ed  to 

encourage structural m odification  to a  cycle to  m eet a m in im um  set of 

specifications. This p rob lem  w as in  the sp irit o f w h a t CyclePad h a d  been  

originally bu ilt for — there  w as no  unique r ig h t answ er to th is problem , 

studen ts could create several topologies w ith  different values fo r solutions.
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Table 17. H istory  o f Thermodynamics II CyclePad assignm ents40

Problem Fall
‘96

Fall
‘97

Fall
‘98

Comments

Turboiets for Cars 
In this problem students analyze a 
car engine design. Students 
determine the optimum 
compression ratio, evaluate 
design tradeoffs and explain their 
results in words.

Students were able to solve this 
problem and provide good 
rationales for their design 
decisions. They learned about 
design constraints and, 
specifically, tradeoffs between 
cycle efficiency, physical size 
and compression ratio.

Making Sure it's not the Heat but 
the Humidity...
In this problem students set up a 
vapor cycle that uses a heat 
exchanger. The heat exchanger 
models a power plant that is using 
a river for cooling the substance. 
There are limitations on how 
much the temperature o f the river 
can be raised without causing 
environmental problems. Students 
are to find out the highest plant 
efficiency given the constraints 
and comment on the relationship 
between turbine characteristics 
and heat discharged.

omitted

There was only one very 
specific design that satisfied the 
problem constraints. It required 
so many hints that little thought 
was left up to the students. 
Furthermore, the cycle had to 
be modeled in a specific way 
otherwise the students would 
encounter errors. Students 
would end up learning more 
about idiosyncrasies of 
CyclePad than about the 
problem itself.

Power from the Ocean 
In this problem students create an 
ocean-thermal cycle that uses the 
difference in surface and ocean 
floor temperature to transfer heat 
between the seawater and cycle 
substance. The intent was for 
students to compare different 
substances in terms o f  
performance, environmental 
impact and power plant design.

omitted

There was only one very 
specific design that satisfied the 
problem constraints. It required 
so many hints that little thought 
was left up to the students. 
Furthermore, the cycle had to 
be modeled in a specific way 
otherwise the students would 
encounter errors. Many 
students could only get the 
cycle to work for one

40 See Appendix F for complete text of problems.
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Problem Fall
‘96

Fall
‘97

Fall
’98

Comments

substance.
Putting the Ozone Back Where it 
Belongs
In this problem, students compare 
the design of a refrigeration 
system based on water instead of 
refrigerant-12. Students learn 
about how cycle properties (such 
as efficiency, size, mass and 
power requirements) differ 
depending on the substance used.

Initially students had trouble 
building this cycle to meet the 
design constraints. They often 
could make it work for only 
one substance. We added 
several hints to the problem and 
changed some values so that 
they could more easily do the 
comparison. We kept this 
problem because Instructor O. 
felt that students should do one 
problem in which they compare 
substances since this is a unique 
feature o f CyclePad and 
something they are not asked to 
do in typical book problems.

Onen-ended design problem 
In this problem students are asked 
to design a power plant with a 
power output o f 5.5 MW. They 
are instructed to start with a basic 
cycle and modify its topology to 
improve performance.

N/A N/A —
Students had to work to create 
their own topology whereas the 
other problems specified a 
specific cycle design. Instructor 
O. felt that this problem would 
help students understand why 
certain design features (such as 
reheat or regeneration) improve 
cycle efficiency.

W e decided  w hich  problem s to re-use and  w hich to d ro p  based on the 

feedback w e g o t from  students in  the Fall '97 course. W e decided that if the 

problem  requ ired  too m any h ints from  the instructor to com plete, that it was 

no t of value to  the  students. We also decided that problem s should be 

illustrative of a  general principle in  therm odynam ics or design, rather than
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focusing on  m inu te  details th a t w ere specific to certain  topologies. For 

example, Instructor O. described the rationale behind  e lim inating  the "Pow er 

from  the Sea" problem :

A t least one o f the problem s w e d ro p p ed  because it seem ed like w e 

pretty  m uch  had  to  cookbook them  th rough  the entire process.

...w e h ad  to  give specific clues like th a t th is phase w as sa tu ra ted  

vapor a n d  over here assum e tha t this is 10 degrees colder th an  that 

w ater...so  there  w asn 't m uch room  for design  alteration. P art of it 

w as tha t the  p rob lem  w as m eant to show  tha t is a  very  lim ited 

system  — th a t [the] contraption isn 't go ing  to w ork  very  w e ll— and 

p a rt of it  w as tha t o u r [property] tables w ere narrow  enough  tha t 

you could  easily  find  yourself o u t of bounds and  th a t s tuden ts just 

get stuck. (Instructor O. in terview  7-28-99; tap e l p. 7-8)

Course Integration

O ver the three years, w e attem pted  to better in tegrate the CyclePad 

experience into the overall course. W hen G. first used  CyclePad w ith  the
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courses, he w ould  d o  o ne  dem onstra tion  of C yclePad using  an  overhead 

projector in  the  regu lar c lassroom  to show  studen ts  how  to use the software. 

In  '97 a n d  '98, w e h ad  th e  class m eet in  a  com pu ter laboratory w here w e could  

dem onstra te  h ow  to  u se  the  softw are an d  a llow  the students to try  it for 

them selves. H ow ever, in  bo th  cases, w e w ere  lim ited  to one lecture period. As 

Instructor O. had  g iven  u p  his office space in  the  engineering build ing  several 

years ago, a lm ost all fu rth er interactions w ith  studen ts  took place th rough  

C yclePad 's e-m ail facility.

W e w ere fru stra ted  th a t Professor T. w ould  n o t allow  Instructor O. m ore 

class periods to in terac t w ith  students. From  o u r surveys of students, w e had  

found  th a t they d id  n o t perceive CyclePad to  be w ell integrated into the 

course— they described it  as seem ing "tacked" on to  the class. O ur concern w as 

th a t w e w an ted  to  link  w h a t they learned from  usin g  CyclePad back in to  the 

class lectures. W ithout th is, it w ould  be h a rd  for studen ts to see the 

applicability of the C yclePad hom ew ork to the  goals of the course. Thus, 

CyclePad w as only a  sm all slice of the overall course  curriculum .
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Instructor O /s Ideal of Teaching with CyclePad

T hroughou t the course, Instructor O. had  s truggled  w ith  w hen  to use 

CyclePad to dem onstrate  concepts. Since he only h ad  control of a  handfu l of 

the lectures, it w as particu larly  difficult to w eave the con ten t o f his lectures 

w ith  w h a t students had  learned  from  the regular course professor. By 

in tegrating  CyclePad fully in to  the course, he could  link explanations and  

dem onstrations together. H e explained the dilem m a and  his vision of a  

solution:

W e h ad  this horse a n d  cart issues... [if] you  tried  to in troduce a 

function of the  softw are— w ithou t talking abou t it as a  lecture topic- 

- it seem s odd. Once [the studen ts have] had  it  as a lecture topic, it 

seem s trivial to do  w ith  the software. So if w e w ere do ing  a  course 

curricu lum  for a  fully in tegrated  course, w e 'd  say, a lrigh t [laugh] 

now  w e 're  going  to talk  abou t this new  p roperty  tha t you 've  seen 

ju st m inutes before. H ere 's  w h a t it m eans and  here 's som ething 

you can  do  w ith  it. (Instructor O. interview  7-28-99; ta p e l p. 2)
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A nother issue tha t curtailed Instructor O /s  ability to create o u r "dream " 

curriculum  w as th a t several features in  the softw are were no t fully  developed. 

This often forced us to abandon a problem . Instructor O. felt th a t because w e 

knew  the softw are h ad  weaknesses, w e lim ited how  students interacted w ith  

it. M any o f the h in ts that w e added  to the problem s w ould no t be required 

once im provem ents were m ade to the  p rog ram 's underlying therm odynam ics 

know ledge base. Instructor O. explained th a t he w as happy w ith  the 

curricu lum  w e h ad  developed bu t th a t w e could  ask m ore of the students if 

we knew  the softw are was m ore robust:

I th ink  the questions w e w ould ask  them  w o u ld n 't be very  different 

except th a t w e w ou ldn 't have to e d it the problem s because of the 

softw are -  b u t tha t is sort of a big  deal, w e can be a lot m ore 

aggressive abou t asking probing questions if w e know  th a t the 

softw are can hack it... (Instructor O. in terview  7-28-99; ta p e l p. 1)

Instructor O. also had ideas about how  to reorganize the curriculum . As he 

explained it, engineering curricula sta rt by teaching students the
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fundam entals of a dom ain  and , in  later courses, the app lication  of those 

concepts to design  problem s or real-w orld system s. Recent reform s in 

engineering education  are  a ttem pting  to  m ove aw ay  from  this "capstone" 

approach  a n d  in tegrate  design  into all engineering courses. Instructor O. felt 

that this app roach  cou ld  be applied  to therm odynam ics courses. H e 

hypothesized:

You cou ld  invert a good  p a rt of how  it's  taught. You cou ld  s ta rt ou t 

by say ing  "here 's  a  useful device th a t w e use for ge tting  pow er ou t 

of steam " so w e have this source of heat and  w e  w an t to  g e t ... 

m echanical w ork  o u t of it and  tu rn  it into electricity. H ow  do w e do 

that? W ell, you  know , here is how  w e'll do  it. W e'll p u t  in  som e 

heat here  an d  try  to  h ea t u p  a  bunch  of steam  a n d  a d d  a lo t of 

p ressure  to it and  th en  w e'll p u t it th rough  a tu rb ine  an d  le t the 

steam  expand  a n d  sp in  the turbine around  a n d  th a t w ill be 

connected to a  generato r and  tha t's  how  w e'll g e t electricity. A nd 

w e w a n t to reuse the  steam  so w e have to cool it  d o w n  again  and
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p u t it th rough  a  pum p  to g e t the pressure h igh  ag a in  a n d  s ta rt 

heating it to  ge t it back to w here  w e started.

You can explain all those th ings w ithou t ever d o in g  any  num bers 

an d  not know ing any th ing  m ore and  go from  th ere  a n d  say how  

does a  heater w ork  an d  no w  th a t w e know  the general idea  of w hat 

w e are try ing  to  do  and  w e have ou r m otivation th a t  w e 're  try ing  to 

get pow er o u t of som ething, then  how  do you  go  back a n d  analyze 

the heater. W ell, th is is w h a t a  heater is, you p u t a  b u n ch  of tubes 

th a t you p u t fire a round  a n d  ru n  your fluid th ro u g h  it an d  try  and  

heat things up . H ow  m uch h ea t d o  you add? H o w  does it  change 

an d  w hen you  get to  th a t level you  can sta rt exp la in ing  th ings like 

pressure and  tem perature. (Instructor O. in terv iew  7-28-99; tape2 p. 

9-10)

O n  several occasions th ro u g h o u t the  CyclePad in terventions, Instructor O. 

d iscussed his in terest in  develop ing  a CyclePad textbook w ith  ou r research 

group . W e realized th a t by  hav ing  control of both  softw are developm ent and
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curriculum  design, w e could ideally create a course th a t radically  restructured 

how  therm odynam ics is taught. W e h ad  learned tha t professors w ould not 

necessarily be able or have the m otivation to change how  they  taught 

therm odynam ics w ithou t the  su p p o rt of curricular m aterials. W e had hoped 

tha t professors could create som e of these on  their ow n, but, as w e found a t 

NW U, not all professors h ad  the in terest o r m otivation to d o  so.

Sum m ary

Instructor O /s  use of CyclePad in  Thermodynamics I  w as b road  in  its 

coverage of curriculum , yet m inim al in  its im pact on  pedagogy. Students used  

CyclePad th roughou t the course, b u t m ainly on textbook based  problem s (as 

show n in Figure 20, q u ad ran t 2). Instruction consisted of lectures and 

dem onstrations w ith  few  hands-on  sessions. O n the contrary , in 

Thermodynamics II, the CyclePad assignm ents w ere very  d ifferent than 

traditional instruction. S tudents w orked  on  building an d  analyzing  cycle 

designs (see q u ad ran t 3). H ow ever, there w as m inim al in tegration  into the 

curriculum .
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Instructor O . described the ideal teaching of therm odynam ics as starting 

from  cycles an d  w ork ing  backw ards to  processes. H e th o u g h t th a t the 

curriculum  could  be better integrated betw een the tw o  courses so that 

s tuden ts ' CyclePad experience in  Thermodynamics I w ou ld  lead  in to  m ore 

design w ork  in  Thermodynamics II. Q u ad ran t 4 of Figure 20 show s Instructor 

O /s  ideal v ision of teaching w ith  CyclePad. The dashed  arrow s indicate the 

trajectory from  the enacted course to the "ideal" course.
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Figure 20. Instructor O /s  "enacted" v. "ideal" teaching
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approach  of the  textbook to  a m ore design-centric a n d  p roblem  based learning 

approach  -  CyclePad w ou ld  be a n  even m ore effective instructional tool.

A n im portan t factor th a t w ould  facilitate a m ove tow ard  the  ideal w ould 

be fo r Instructor O. to  becom e a  full time teacher for these courses an d  no t just 

th e  CyclePad in tervention  instructor. This w ou ld  give h im  m ore  control of 

class tim e, curricu lar m aterials and  student-instructor interactions. Instructor 

O /s  ability to  innovate w as bounded  by Professor T. an d  L /s  w illingness to 

collaborate and  experim ent in  their classroom. For exam ple, Professor L., who 

h ad  been teaching therm odynam ics for m any years, w as tied  to  cu rren t beliefs 

an d  practices in  engineering  instruction. After his experience w atching  

Instructor O /s  CyclePad intervention, he w rote:

Conclusion: CyclePad is well developed softw are tha t can  be used 

to enhance a studen ts ability to solve problem s and  stre tch  their 

understand ing  of therm odynam ics by facilitating param etric  

studies of the influence of various param eters. H ow ever, it cannot
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replace traditional instruction in  the basic ideas. (From e-m ail to m e 

9 /27 /99 )

In Thermodynamics II in  add ition  to the lim ited access to students, another 

problem  w as th a t cycles are  only one p a rt of the content covered in  the course. 

Fuller integration of CyclePad w ould  require m odifications to the  softw are to 

better align w ith  the rem aining concepts. For exam ple, the second half of the 

course covers topics such as chem ical reactions and  phase an d  chem ical 

equilibrium . These topics are  beyond the scope of CyclePad's know ledge base 

an d  w ould  require significant developm ent time to im plem ent. In  this case, 

the context of the tool itself an d  available curricular m aterials (i.e., the 

textbook) and  the regular course professor were factors in shap ing  Instructor 

O /s  curriculum  design an d  enactm ent.
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CONCLUSION

The goal o f m o st progressive, constructivist reform ers is to  change curren t 

educational practices to  be fundam entally  d ifferen t in  instruction a n d  broad in  

their curricular reach  (i.e., a  m ovem ent to  the  fo u rth  q u ad ran t of the  m odel in  

Figure 21). As show n  by these cases, often good  in tentions achieve on ly  one of 

these aims. Thus, w h a t m ight have been a  rad ically  d ifferent course becom es a  

traditionally ta u g h t course w ith  a  new  softw are tool. O r a  m ore engaging  

pedagogy is u sed  w ith  new  m aterials b u t only  for a  brief m om ent. In o rder for 

technology to  p lay  a  role in  the  re-designing o f education, as m any researchers 

have learned, i t  m u st be well in tegrated into everyday  classroom  and  

educational practices (Ehrm ann, 1995; H adley  & Sheingold, 1993; M eans,

203
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Blando, et. al., 1993). H ow ever, as these cases have show n, infusing 

technology into an  existing course is n o t a sim ple p rocess .41

41 The scope of the analyses in this dissertation is limited by the narrow focus on a particular 
software tool used for teaching in one domain of engineering. To further explore faculty's 
experiences with new technologies and how they negotiate their contexts, the usage of 
other software in different domains should be looked a t  Also, one would also want to 
examine how the same professor would respond to different environments. It would be of 
benefit to study a population of professors who teach at several universities or those who 
make a career change from one school to another. In this way contextual differences could 
be compared within individuals but across institutions.
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Figure 21: Examples of classroom  change
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Cross-case C om parison

The cases p resented  in  this dissertation represent several different 

perspectives on  im plem enting technology in  engineering classroom s. These 

studies show  that professors take different approaches in  the ir efforts to alter, 

the curriculum  an d  pedagogical approach  -  the essence o f their instructional 

practices. The three cases a lso illustrate how  departm ents, supervising  faculty 

and  curricular standards p lay  a  role in  shaping the outcom e of proposed 

educational changes.

Professor P. a t  UALR h ad  the m ost radical ideas ab o u t changing 

therm odynam ics curriculum . Like Instructor O., he w an ted  to  create a more 

design-based course th a t focused on  linking the m athem atics of the field w ith  

the native design in tuitions of the students. Similarly to Professor R. a t USNA, 

he w anted  to use CyclePad th roughou t the course (not ju s t for the sections on  

cycles). Professor P. w as captivated  by progressive pedagogical techniques 

tha t he read  about in  the  educational literature. O f the th ree  professors, he w as 

the only one w ho w as in terested  in  im proving studen ts ' com m unication skills
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and  in p rom oting  studen t-s tuden t interactions. In  contrast, the  courses a t 

NW U an d  USNA rem ained focused on  ind iv idual s tu d en t perform ance and  

saw  CyclePad m ore as a  m eans for increasing instructional a id  to students. In 

those classroom s, they  prom oted  the features o f C yclePad th a t w ould  help 

explain concepts to  s tuden ts a n d  thus supp lem en t th e  activities of the 

instructor. Thus, w hile all three instructors w ere  in terested  in  reform ing 

therm odynam ics education, they focused o n  d ifferen t instructional 

techniques.

A nother d istinguish ing  factor betw een the th ree  cases w as the  level of 

au thority  the  professors had  in determ ining  the curricu lum  for their courses. If 

placed a long  a  continuum , Professor P. (UALR) acted  w ith  the m ost autonom y 

a t the o ther en d  of the  spectrum , Professor R. (USNA) encountered  the 

greatest resistance an d  ultim ately  refusal to his p roposed  changes. Likewise, 

Instructor O . encountered  resistance but, un like Professor R. w ho  w as blocked 

a t the departm en tal level, Instructor O. m et resistance a t the c lassroom  level 

by the p resid ing  faculty. As discussed a t the en d  of th is chapter, the context of 

the classroom  -  the university , it's  goals a n d  m ission, the role o f the
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departm en t -  w as a n  im portan t factor in  how  the professors developed  and  

negotiated  changes to  their courses.

The three professors share a sim ilar problem  in  develop ing  new  curricula 

for a subject area th a t is usually  taugh t from  a  single textbook. In  particular, 

the  structu re  h ow  know ledge is p resented  -  the o rganization  of the concepts, 

the bu ild ing  of ind iv idua l un its of know ledge u p o n  one ano ther -  leaves little 

room  for innovation. As the professors w orked  to  create curricu lar elem ents 

th a t em ployed C yclePad, they  found it difficult to  link  these activities w ith  the 

content of the  stu d en ts ' textbook. W hen they created  problem s th a t w ere 

based on  those in  the  books, the problem s lacked the  open-ended  and  

exploratory  na tu re  of engineering design problem s. W hile the  professors 

cou ld  create parts  of the curriculum  that used  CyclePad, they  lacked the time 

and  resources to develop  a  fully integrated CyclePad course.

In term s of the trajectory of change (see cross-case com parison  Figure 22) 

the in troductory  courses a t  NW U and  USNA increased the usage of CyclePad 

th roughou t the courses, b u t w ith  little innovation  in  pedagogy. In  contrast, the
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advanced course a t N W U  and  Professor P /s  one-term  therm odynam ics course 

a t UALR in troduced  new  pedagogical approaches to the dom ain  (design- 

based learning) yet in  only m odest am ounts. This is discussed in  greater detail 

below.
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Figure 22: Cross Case C om parison
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Breadth of C hange

The degree to  w h ich  technology becomes a  p a rt of cu rricu lum  depends on

several factors such  as th e  effort needed to create new  curricu lum  and  the 

degree of su p p o rt fo r innovation  in  the classroom . D uring  the tim e span  of 

this dissertation, th e  features of CyclePad w ere augm en ted  to  a llow  for g reater 

in tegration  into in troducto ry  therm odynam ic courses. W hile the p rogram  had  

been  originally created  for open-ended design w ork, th ro u g h  our 

collaboration w ith  professors w e learned th a t it also n eeded  to  support 

studen ts in  learn ing  the  basic of therm odynam ics th ro u g h  sim ple system s. By 

ad d in g  several n ew  features professors w ere able to  use  the softw are in  o ther 

parts  of the curricu lum .

The curricu lum  th a t professors developed for CyclePad arose from  their 

pedagogical con ten t know ledge — know ledge of the subject area, know ledge 

of curricular a nd  instructional practices and  a n  un d ers tan d in g  of their 

students. D raw ing o n  this, professors created problem s a n d  activities th a t 

w ere tailored to the  specific needs of their classroom s. In  these cases, the 

instructors w ere instrum ental in the curriculum  developm en t ra ther than
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instrum ents of the  w ork  of others (Paris, 1993). This requ ired  m ore inpu t on  

the p a rt of the professors than, for exam ple, w hen  they  teach straight from  a 

textbook in  an  in troductory  course. The professors h ad  to  m ake tim e to create 

and  test CyclePad assignm ents. As found  in  the  surveys in  C hapter 2, schools 

an d  departm ents are m ore likely to encourage the use of technology than  to 

offer release tim e from  teaching to develop new  curriculum . W hile it is 

beneficial for professors to  create their ow n curricu lum  th a t is tailored to their 

students, the constan t updating  and  revising of curricu lum  can become a 

bu rd en  (especially for those w ith  a h igh  teaching load).

Professor R. could  d ream  up  a  brand  new  curricu lum  w hile under the 

im pression th a t he w ou ld  be granted  an  experim ental section. W hen that d id  

no t happen, he curtailed  his plans. Similarly, Instructor O. knew  that 

CyclePad could  be u sed  in  m ore innovative w ays, b u t w as lim ited by the 

course professors in  the am ount of class tim e and  am oun t of hom ew ork 

problem s th a t could  be spen t on CyclePad. A t UALR, Professor P. is the only 

teacher for Applied Thermal Sciences an d  there w ere no departm ental standards, 

so he had  m ore freedom  to change the course content an d  m aterials. Similarly,
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in  Professor R /s  advanced course he developed a curriculum  th a t used journal 

articles for reading  m aterials a long side CyclePad and  other softw are tools. In 

contrast, Instructor O. a t N W U w as beholden to the regular course professors 

w ho had ow nership of the overall curriculum  and  determ ined the  extent to 

w hich Instructor O. could participate in  curriculum  design  and  delivery. A 

factor that is key to change, is the  degree of autonom y tha t professor's 

perceive they have and  how  they  act.

D epartm ents perceive a  need  for standardizing  curricula in  m ultiple- 

section courses. By standard izing  w hat is taught, professors w ho are dow n 

stream  in the engineering curricu lum  can ensure tha t all of their students have 

learned the sam e things in  the  pre-requisite courses. S tandardization  in 

therm odynam ics is expressed th rough  uniform ity of textbooks across sections. 

The case of USNA is one of extrem e uniform ity across sections w here not only 

are  texts shared  bu t exams as w ell and  the departm en t has veto pow er over 

pedagogical experim entation. These practices, w hich occur in  sciences and 

engineering a t m ost universities, preserve the status quo  and  raise the locus of 

curricular change from  the indiv idual classroom  level to the departm ental
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level (as the case of Professor R. illustrated). Furtherm ore, a s  seen a t USNA, 

departm ents have concerns abou t stu d en t perform ance on  professional exam s, 

w hich m ay also shape their view s on  how  engineering  courses shou ld  be 

taught. Thus, one m ust look beyond the  ind iv idua l professor to understand  

and  identify the larger context in w hich he o r  she operates to  u n ders tand  the 

external boundaries professors perceive they  are  operating  w ithin .

D ep th  of C hange

In the tw o courses tha t closely follow ed a  textbook, there w as little d ep th  

of pedagogical change. For exam ple, w hen  Professor R. u sed  C ydeP ad  in 

Engineering Thermodynamics for solving textbook problem s, h e  em ployed a  

traditional pedagogical approach. Likewise, Instructor O. m ade  som e changes 

in  pedagogy in  Thermodynamics I by m odify ing  the textbook problem s b u t he 

w as still lim ited by  the structure  of the overall curriculum . It w as difficult to 

construct design  problem s th a t fit w ith  a bo ttom -up  rather th an  top-dow n 

approach. C hanging  pedagogy often requires changing  epistem ological 

beliefs. To su p p o rt a new  epistem ological stance for teaching  has im plications
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for professors' choice of supporting  m aterials (e.g., textbooks an d  software). 

E m bodied  w ith in  a  textbook or piece o f educational softw are is a  belief abou t 

w h a t know ledge is valid  a n d  im portan t a n d  h o w  studen ts d isplay their 

u n ders tand ing  of a  dom ain. This often carries w ith  it a n  expectation for 

certa in  pedagogical approaches to teach ing  the  subject m atter. For exam ple, 

m ost therm odynam ics textbooks expect a  linear, step-by-step, lecture-based 

pedagogy. By believing th a t students d em onstra te  know ledge th rough  solving 

num eric problem s by  h and , these m aterials do  n o t dem and  students to  exhibit 

d eep er conceptual understand ing  o r to link  betw een  pieces of know ledge.

This approach  perpetuates the problem  o f s tu d en ts  creating  know ledge th a t is 

inert (W hitehead, 1916; Perkins, 1985). In  contrast, C yclePad was developed 

w ith  a top-dow n view  of therm odynam ics in  w hich  studen ts start by creating 

cycles an d  then  analyze the  parts to learn  the  underly ing  concepts.

T hrough  creating new  curricular ideas a n d  m aterials -- such as the design  

problem s Instructor O. u sed  in Thermodynamics II, Professor P /s  Applied 

Thermal Sciences laboratory  exercises o r P rofessor R /s  Energy Conversion term  

projects -  new er, m ore progressive pedagogies (e.g., problem -based learning,
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design-based p roblem s an d  group work) can  be w oven  into the classroom. 

W hile bo th  Instructor O. an d  P. achieved th is in  isolated instances du ring  their 

courses, it w ou ld  take m ore effort an d  curricu lum  developm ent to span  the 

w hole course. O nly Professor R. was able to  achieve this level of 

im plem entation. This w as due  to the fact th a t he h ad  both the au thority  to 

teach the course as he  w ished and  tim e to  develop  curriculum . Instructor O. 

lacked the form er w hile  Professor P. s trugg led  w ith  the latter -  he had  m any 

good ideas b u t ran  o u t of tim e to im plem ent them . W ith tim e it w ould  be 

possible for Professor P. to m igrate his course tow ards his ideal w hereas 

Instructor O., w ithou t control of the course, w ou ld  have an  uphill battle.

Again, as w ith  the b read th  of change, crucial factors w ere the time and  

effort required  to m ake significant pedagogical im provem ent and  the degree 

to w hich the o ther com m unity m em bers, w hether a t the professor or 

departm ental level, supported  radical cu rricu lum  and  pedagogical reform .
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Context and Change; Implications for Theory

The focus of this d issertation  w as on  teaching practice a t  the classroom  

level. H ow ever, in  analyzing  these cases, it is a p p aren t that professors are 

negotiating contexts beyond their classroom s -  levels from  the 

schoo l/un iversity  to the d epartm en t to the classroom . For exam ple, a t the 

school level. Professor P. w as concerned tha t the  add ition  of a new  school 

w ithin the  university  (for telecom m unications an d  technology sponsored by 

local em ployers) w ould  lead  to  a  change in  the d epartm en t w ith  w hich he w as 

affiliated. This, in  turn , m ight change his teaching assignm ent and  possible 

alter his tenure  clock. In  regards to the  CyclePad curriculum , he w as unsure  as 

to w hether h e 'd  even be teaching Applied Thermal Sciences if he became p a rt of 

a new  departm ent. A t the  departm ental level, in  the  case of USNA, Professor 

R. was p ressured  by his departm en t to teach Engineering Thermodynamics w ith  

m inim al usage o f CyclePad. The departm en t w as responding  to Professor R. 

based on its perception of the im portance of p reparing  students for the 

Professional Engineer exam  on w hich  students w ou ld  n o t be able to  use 

software a ids to  solve problem s. In  this exam ple, it is bo th  a national standard
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an d  local dep artm en t actions th a t shape the  context of Professor W 's 

classroom . These exam ples illustrate  "m ultip le  em bedded" contexts of 

engineering instruction: subject, s tuden ts, colleges, university , em ployers, 

professional contexts, an d  institu tional env ironm ent (as illustra ted  in  C hapter 

1, Figure 4). These nested  env ironm ents a re  the  spaces w hich  professors 

negotiate in  defin ing  classroom  practices.

In exam ining  instructors' teaching practices, it seem s th a t the  role of 

context has b een  under-em phasized  in  m odels of pedagogical con ten t 

know ledge. The instructors' know ledge of studen ts w as en tirely  context- 

specific. For those w ho take a  constructiv ist view  on  learning, w h a t professors 

know  about their studen ts ' p rio r know ledge is central to h ow  they  w ould  

structure teaching. For exam ple, Professor P. knew  tha t m any  o f his students 

w ere in terested  in  cars and  au to  racing. H e could use this in form ation  to  both 

m otivate an d  anchor therm odynam ic instruction  by  starting  w ith  the related 

cycles (e.g., O tto  an d  Diesel cycles) a n d  bu ild ing  studen ts ' know ledge from  

there. The rationale for his cu rricu lum  design  w as based on  know ledge 

specific to those studen ts he tau g h t a t UALR. In  particular, their lim ited
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background  in  m athem atics w hich Professor P. found  to  be endem ic to the 

engineering  technology p rogram  a t UALR b u t no t an  issue for the  studen ts 

w h o m  he taugh t a t Yale's engineering science program . Likewise, Professor 

R /s  concern abou t his studen ts ' heavy academ ic and  extra-curricu lar load, 

again , w as specific to  the cu lture of the N aval Academ y a n d  n o t a n  issue for 

the  studen ts he tau g h t a t  Johns H opkins. Based on  this u n d ers tan d in g  of the 

s tu d en ts  a t their universities, these professors created cu rricu lum  to  su it their 

particu lar needs. W hile it is expected th a t studen ts vary  across institu tions 

a n d  th a t professors tailor their teaching to  the audience, this u n ders tand ing  is 

n o t prevalen t in  the litera ture  on  higher education.

In  Shulm an 's m odel of pedagogical reasoning (Shulm an, 1987) he posits 

th a t teachers translate  their "know ledge of students" from  a  generic form  to 

one th a t is specific to  the students in  their classroom . W hile teachers in  K-12 

m ay have stud ied  com m on m isconceptions of studen ts in  a  certain  dom ain  or 

characteristics of particu lar age groups, faculty in  higher education  receive no 

general training. For the m ajority, their know ledge of studen ts  is specific to 

the institutions w here they  w ere trained  as g raduate  studen ts an d  their
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experiences in a t the institu tions tha t hire them. Thus, the  know ledge of 

studen ts th a t they develop, I w ou ld  argue, is alm ost entirely based on  their 

personal experiences and  thus highly context specific. In  tu rn , the teaching 

strategies they use an d  curricu lum  they develop contain elem ents tha t are 

specific to their studen ts an d  their university context. This v iew point echoes 

S hulm an 's critique of his o w n  w ork  (as described in  C hap ter 1) in  w hich he 

claim s th a t the purely  psychological approach to study ing  teacher cognition 

needs to  take into the account research on  school context (especially Talbert 

an d  M cLaughlin's). Furtherm ore, research on school context needs to  be 

expanded  beyond K-12 to  understand  higher education in  and  of itself. The 

m odel p resen ted  in  C hap ter 1 for the context of engineering education is only 

a  beginning  po in t in  identify ing the groups and  organizations that professors 

negotiate  in  their teaching practices.

Implications for Technology Design and Development

This research indicates that there are  several w ays in w hich technology 

usage can  be im proved in  universities. First, by prom oting  research on
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teaching as a  valuable pursuit, un iversities can su p p o rt professors in  

increasing o u r know ledge abou t dom ain-specific teaching practices w hile a t 

the sam e tim e increasing o u r u n ders tand ing  of the usage educational 

technologies.42 This is especially im p o rtan t if w e a re  to increase o u r 

understand ing  of education in  the professions and  technical fields w here  there 

are few  educational researchers w orking . As found in  the survey in  C hap ter 2, 

the engineering technology p rogram s w ere staffed by professors w ith  a 

g reater in terest in  teaching an d  su p p o rted  by d epartm en t that em phasized  

im proving  teaching practices. Furtherm ore, these schools had  few er resources 

for scientific research in  term s of fu n d in g  and  equ ipm ent (N ational Science 

Board, 1998). For professors w ith  lim ited  research infrastructure o r fund ing  

and  heavy teaching loads (such as Professors P. an d  R.), research o n  teaching 

serves double-duty. Time spen t teaching  also becom es tim e spen t researching.

42 As mentioned in Chapter 1, Lee Shulman, in his work with the Carnegie Commission 
Shulman, is leading an effort at the Carnegie Foundation for the Advancement of Teaching, 
to help develop discipline-specific understandings of university teaching practices. In many 
of his recent writings, he has been trying to increase the prestige of scholarship on teaching 
(CITE).
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These schools should  becom e centers for excellence in  teaching research and  

curricu lum  developm ent.

Second, fund ing  needs to be m ade available for professors and  educational 

researchers to develop new  curricu lum  tha t su p p o rts  novel technologies. 

C urricu lum  design  and technology-developm ent a re  labor-intensive and  

costly activities. In  the cases p resen ted  here, b o th  Instructor O. and  Professor 

R. u sed  outside funds to su p p o rt their tim e sp en t o n  curricu lum  developm ent. 

Professor P., w ho  had m any good ideas, sim ply ran  o u t of tim e to  fully  

develop  them . W hile it is laudable  for indiv idual professors to develop  their 

ow n curricu lum  around specific technologies, th is structure  is n o t scalable to 

h u n d red s of classroom s or universities. O ne possible solution is for 

universities, fund ing  agencies an d  curricu lum  designers (such as textbook 

publishers) to engage in partnersh ips in  the initial developm ent of bo th  the 

technologies a n d  curriculum . Professors could  custom ize a  curricu lum  to their 

c lassroom  m ore easily th an  creating  one from  scratch.
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Third, professors w an t technologies th a t can expand the  view points an d  

experiences presented to their students. As found  in  the survey in C hap ter 2, 

professors of therm odynam ics w an t new  tools th a t can help  them  bring  real- 

w orld  engineering system s in to  the classroom . They w an t technology to 

prov ide  them  w ith  resources th a t are currently  unavailable and  prohibitively 

difficult to  use in  classroom  learning. They do  no t ask for system s that w ou ld  

replace the  professor (such as tu to ring  system s) b u t they w an t system s th a t 

expand  studen ts ' horizons a n d  offer new  w ays o f presenting m aterial in  the 

classroom .

In  certain  dom ains of engineering, and  therm odynam ics in particular, little 

pedagogical change has taken  place for decades. W hen a new  tool, such as 

CyclePad, attem pts to approach  the dom ain  from  a  different perspective, there 

is a  large gap  betw een the technology and  the existing textbooks. The 

textbooks, whose fundam ental pedagogical approach  w as developed before 

the invention  of the com puter, need  to  be up d a ted  to reflect recent advances in 

bo th  educational technology an d  engineering education. This is no sm all task. 

M any efforts a t technology developm ent th a t stem  from  university research
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are lim ited in  their scope a n d  unable to become viable com m ercial projects. 

Textbook companies d o  n o t have expertise  in  new  technology developm ent or 

specific content areas and  thus tend  to lim it their efforts to creating  on-line 

versions of their existing m aterials. By leveraging die expertise of d ifferen t 

organizations, from the curricu lum  designer to the software 

researcher/developer an d  educational evaluator, new  technologies can be 

developed w ith associated curricu lum  th a t have a  greater potential for 

w idespread  adoption and  im plem entation. These types of partnersh ips are 

increasing, as universities w a n t to  expand into die d istance-education 

m arketplace bu t lack the in frastructure to launch such an  endeavor (in term s 

of technology developm ent an d  deploym ent) th a t for-profit com panies can 

provide.

Through a com bination of increased scholarship on university  teaching 

and  new  curriculum  and  technology resources tha t m eet professors' 

pedagogical goals, higher education  can begin to  reinvent itself.

224
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APPENDIX A

INTERVIEW PROTOCOL

The con ten t for these interview s w as based on  several sources. Interview s 

#1-5 w ere ad ap ted  from  protocols u sed  by G rossm an (1990). O ther sources for 

in terv iew  con ten t were: Ruscio (1987) on  role as an  academ ic, Boyer (1990) on 

context factors such  as departm en tal pressures, and  Bourne, et. al. (1995) on  

engineering.

Interview #1: Knowledge/Conceptions of Thermodynamics and 

Teaching Thermodynamics

A. Educational Background in Thermodynamics

•  C an you  tell m e about your background in  Therm odynam ics?

•  C ourses you  took - u n d e rg rad u a te / graduate, fav o rite /least favorite

•  W hat areas d id  you  concentrate on? Specialization?

•  W hat do  you  feel are  your strengths in  therm odynam ics?

•  W hat area, if any, do  you  feel th a t you are w eak in?

•  W hat areas a re  easy for you? Are any difficult?

•  Tell m e ab o u t any significant w ork  you d id  in  the field  of therm odynam ics

as a n  underg radua te  o r g raduate  student.
232
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•  Tell m e ab o u t any  significant w ork  y o u  d id  in  the field o f therm odynam ics 

as an  underg raduate  or g rad u a te  s tu d e n t

•  Tell m e ab o u t any  w ork y o u  d id  in  therm odynam ics in  a  non-academ ic 

en v iro n m en t

B. Knowing Thermodynamics

•  W hat d o  y ou  th ink  i t  m eans for som eone to know  therm odynam ics? If 

som eone is a n  "expert” in  therm odynam ics, w h a t w ou ld  y ou  expect them  

to know ?

C. What is  Therm odynam ics?

•  C ould  you  tell m e abou t the sciences th a t m ake u p  Therm odynam ics? Tell 

m e how  the areas are re la ted  to each other. (Could you  d ra w  a  m ap of the 

d ifferen t areas an d  their relationships?)

D. Teaching Thermodynamics

•  W hat m ade y o u  decide to becom e a therm odynam ics/  m echanical 

engineering  professor? W hy d id  y ou  decide to teach th is particu lar topic?

•  Tell m e abou t w h a t you see as the reasons for studying  therm odynam ics as 

p a rt o f several engineering d isciplines (m echanical, civil, e tc ...). W hat are 

your goals for your students? W hat areas do  y ou  th ink a re  im portan t to 

cover in  class.

•  W hat should  students be ab le  to  do? H ow  w ould  you  know  they can  d o  it?
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•  W hat do  you  think m akes therm odynam ics d ifficu lt for students? W hat 

areas do  y ou  th ink  they  have problem s w ith? H ow  do  you  know? W hat is 

easy for them ? W hat could  m ake die s tu d y  o f therm odynam ics easier for 

students [probe for bo th  use of tools a n d  a ids as w ell as d ifferent teaching 

styles]

•  Tell me ab o u t the classes th a t you are teaching this sem ester. H ow  are the 

classes organized? W hy? W hat textbook are y o u  using? W hat units w ill 

you cover? H ave you  tau g h t w ith  this tex t before?

•  Tell m e ab o u t the studen ts in  your class.

•  Tell me ab o u t any  o ther experiences th a t influence how  you  teach 

therm odynam ics.

•  Tell me ab o u t die best an d  w orst teacher you  ever had  (in engineering and  

in  general). W hat m ade this teacher the  b e s t/  w orst? H ow  has sh e /h e  

influenced the w ay you  teach?

Interview #2

•  (Choose a  concept to focus the interview  around)

•  Tell me abou t this c o n cep t H ow  m igh t y o u  explain  i t  to a  colleague?

•  Could you  talk abou t som e of die th ings you  w ou ld  think abou t if you  h ad  

to teach this concept? W hat are some of you r first thoughts about teaching 

this concept?

•  W hat w ould  be your goals for teaching th is concept? W hat w ould you 

w ant students to w alk  aw ay  with?
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•  H ow  m igh t you  teach this concept in  a  course? W hat units m igh t you  use it

in?

•  C an you  tell m e abou t some activities you  m ig h t d o  around  this concept? 

W hat k ind  o f assignm ents m igh t you use?

• Tell m e ab o u t the difficulties th a t you  m ig h t expect students to have w ith  

this concep t H ow  m ight you help diem  overcom e these problem s?

• L e ts  say a  s tu d en t h ad  the follow ing questions. H ow  m ight you  respond  

to them , [role-play situation]

•  H ow  w ould  y ou  form ally evaluate studen ts ' understand ing  of this 

concept? H ow  m igh t you find o u t inform ally w hether they understood  it 

or not? H ow  m ight you  have them  dem onstrate  their understanding?

In terv iew  #3: V iew s a n d  P erso n a l H istory

A. T each ing

•  W hy are you  teaching? If you could do  it  a ll over again, w ha t w ould  you  

do  (w ould you  still be a  professor?)?

• W hat does i t  m ean to you to be an  academ ic? Describe a  m odel of an  

outstanding  academ ic.

• W hat do  y ou  see as your prim ary responsibility  w ith in  this institution? 

H ow  do you  d iv ide your time in  a  typical w eek betw een teaching, 

research, adv ising  and  other responsibilities?
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•  H ow  d o  you  feel th a t teaching in  a  teaching college is d ifferen t than  in  

your underg raduate  a n d /o r  g raduate  institu tion? Do you  th ink  th a t you  

teach d ifferently  than  the teaching you  observed  in  your o w n  schooling?

•  H ave y o u  tau g h t elsewhere? W hat have y o u  taught? Are your teaching 

practices significantly d ifferen t here? H ow ? W hy?

• W hat types of technology d o  y ou  use in  teaching? W hat types of 

laboratory  equipm ent? W hy?

B. Department/School/Universitv

•  H ow  im p o rtan t do  you  th ink  teaching is in  tenure  decisions? H ow  

im p o rtan t are  s tu d en t evaluations?

•  H ow  im p o rtan t is publish ing  in  tenure decisions?

•  Do y o u  feel p ressure from  o ther faculty to  teach  in  a  certain  way? (If you  

raise d ie  teaching expectations o f studen ts is th a t seen as a  problem ?)

C. Students

•  H ow  d o  you  feel abou t your studen ts in  general?

•  Do y o u  th ink  studen ts have changed since y o u  w ere a student? If so, how ?

• H ow  p repared  d o  you  feel students are by  low er schooling or previous 

course w ork? Are there any  gaps th a t y ou  feel y ou  need to m ake u p  for?

• H ow  d o  you  feel abou t yo u r studen ts w o rk  ethic? W hat do  you  th ink  their 

goals a re  post-graduation?
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• W hat d o  you  see as your role in  educating s tuden ts  for the workforce? Do 

you  expect any  o f y ou r s tudents to end up  in  research  environm ents (either 

corporate o r academ ic)? Do you  expect any  stu d en ts  to pursue education 

beyond  a  B.A. o r B.S.?

D. A dvising

•  W hat does y ou r d epartm en t require you  to d o  in  term s of advising 

studen ts?  A re you  assigned/selected  to be the adv iso r for specific 

students?

• H ow  d o  you  v iew  you r role as an  advisor? W hat do  y ou  feel you  can offer 

students?

E. Engineering

• In general, w h a t do  y ou  th ink  good engineers need  to know?

• In term s of teaching, how  im portant do  you  th ink  hands-on experiences 

are? D esign  w ork? Theoretical work? Problem  solving? W hat do  these 

term s m ean  to you?

• H ow  d o  you  feel ab o u t the laboratory opportun ities for students? W hat's 

m issing? A re they  linked to course w ork? Is d ie  equ ipm en t cu rren t or out- 

of-date? W hy?

•  In y o u r opinion, w h a t are the m ost im portan t curriculum -related issues 

facing engineering  education?
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•  Do y ou  think there is any need  for change in  engineering education? If so, 

w h a t types of change?

• Do you  find  ABET to be a catalyst o r barrier to innovation?

• Do you  w orry  abou t the accreditation o f your schools' engineering 

program s?

• Do y ou  belong to  any  engineering professional societies? W hich ones?

• W hat do  you th ink  are  the p rim ary  forces for change in  engineering 

schools? [probe for w ith in  school an d  external factors]

F. P ersonal H istory

G et copy of C.V.

Interview #4: Planning for the fall CyclePad course

•  Tell m e abou t the design  for your course this fall.

•  Do y ou  have any  concerns abou t the course?

• W hat are  your goals for the students?

• D id p lanning  for this course differ from  other courses you  have planned 

for? H ow  so?

• W hat m aterials do  you  p lan  to use?

• D id the departm ent require die tex t or d id  you  choose it?
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Interview #5: Retrospective interview on the teaching o f a particular unit

•  Tell m e ab o u t th is u n it o n ________ . (pick sam e topic for each interviewee)

• H ow  d id  yo u  introduce it?

•  W hat w ere y our goals for the unit?

• W hat k ind  of things d id  you  take into consideration  in  p lanning  the unit?

• C an you  tell m e abou t som e of die class periods?

• H ow  long d id  the u n it take?

• Tell m e ab o u t the  students in  the class.

•  Tell m e ab o u t the  assignm ents th a t you u sed  in  die u n i t  [Get copies]

• W as there any  tes t associated w ith  the unit?  [Get copies]

• W hat are y ou  teaching regarding  problem  solving?

• Tell m e w h a t you  thought die students g o t o u t  of d ie  u n i t

•  Tell m e how  you  thought d ie u n it w e n t H o w  w o u ld  y ou  change it  if  you 

taugh t i t  again?

• H ow  m igh t y ou  change it  if you  w ere teaching a  stronger g roup of 

students? a  w eaker (or younger) group?

• W here d id  you  grow  up?

• W hat schools d id  you attend?

• H ow  early  d id  you  decide tha t you  w ou ld  becom e an  engineer a n d /o r  

professor?

• W as your fam ily im portan t in  your decision to  becom e a  professor?
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APPENDIX B

I. Faculty Survey

This su rvey  is p a r t  of a  research project o n  therm odynam ics education  

being  conducted  a t N orthw estern  U niversity. It is for educational research 

purposes only, a n d  the  results w ill be k e p t anonym ous.

For tracking  purposes, please enter the following:

N am e: __________________________________________

Y our E-mail: 

U niversity: _

D epartm ent:

There are  22 questions below  som e m ultip le  choice, som e sh o rt answ er. 

Please answ er the  questions to the best of y o u r ability.

1. H ow  m any years have you  been teaching?

2. H ow  long  have you  been teaching therm odynam ics?

3. W hat therm odynam ics courses have you  taugh t?  List course titles here:

4. W hat do  y ou  w a n t studen ts to learn  in  y o u r courses?
240
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4. W hat do  y o u  w an t stud en ts to  learn  in  your courses?

5. W hat are  th e  challenges you  find  in  teaching therm odynam ics?

6. W hat teaching  sty les do  you  use in  class (lecture, g roup  w ork , collaborative 

learn ing , etc)?

7. Rate how  easy  i t  for stud en ts to  understand :

Choose N /A  if  the concept is n o t covered in  y o u r course

Very
Hard

Somew
hat
Hard

Neither 
easy or 
hard

Easy Very
Easy

N/A

1st law of Thermodynamics o o o o o o
2nd law of 
Thermodynamics

o o o o o o

entropy o o o o o o
internal energy o o o o o o
enthalpy o o o o o o
reversibility o o o o o o
efficiency o o o o o o
T-s diagrams o o o o o 0
P-v diagrams o o o o o o
Work transfer o o o o o o
Heat transfer o o o o o o
Closed v. open systems o o o o o o
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8. Rate your stu d en ts ' ab ility  to do  die follow ing:

Choose N /A  if  the concept is n o t covered in  y o u r course

Very
low

low Average High Very
high

N /A

Given 2 properties (e.g, T, P) 
determine the state

o o o o o o

Given 2 properties (e.g, T, P) 
interpolate other properties (e.g, u, 
h, v)

o o o o o o

Make simplifying modeling 
assumptions

o o o o o o

Select appropriate formulas o o o o o o
Apply formulas and equations o o o o o o
Know where or how to begin 
solving a problem

o o o o o o

Work through a problem to correct 
final solution

o o o o o o

Turn word problem statements into 
diagrams or pictograms

o o o o o o

Solve open-ended problems (where 
there are no pre-defined answers)

o o o o o o

Perform routine calculations o o o o o o
Use modeling assumptions to 
reduce 1st and 2nd law formulas

o o o o o o

Convert units o o o o o o
Link problems to real-world 
applications

o o o o o o

Explain thermodynamics concepts o o o o o o
Distinguish heat from temperature o o o o o o
Use a logical problem solving 
methodology

o o o o o o

9. In w orking th rough  textbook problem s w h a t d o  you  th ink  studen ts learn?

10. W hat difficulties, if any, do  students experience solving textbook problem s 

by hand?

11. W hat do yo u  th in k  is the benefit of solving prob lem s by  hand?
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12. W hat do  you  th ink  are  the d raw backs o f so lv ing  problem s by  hand?

13. W hat laboratory  resources d o  yo u  have availab le for teaching 

therm odynam ics? C heck a ll th a t app ly :

□ pow er p lan t
a R igid (closed) tank  laborato ry  eq u ip m en t
a engines & m otors
a H eat Exchanger
a refrigeration  system s
a H eat Pum ps
a HVAC
□ O ther:
a P iston  app aratu s laborato ry  eq u ip m en t

14. Rate the ex ten t to  w hich y o u  agree o r d isagree  w ith  the follow ing 

statem ents:

(l= d isag ree , 2=disagree w ith  reservations, 3= neutral, 4=agree w ith  

reservations, 5=agree)

— S tudents are  m otivated to  learn  therm odynam ics

— S tuden ts have a  positive a ttitu d e  to w ard s learn in g  therm odynam ics

— S tudents are  apprehensive ab o u t learn in g  therm odynam ics

15. H ow  w ould  you  change the w ay y ou  teach T herm odynam ics if you  had  

un lim ited  tim e and  resources?

16. W hat type of school d o  y ou  teach at?
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a  P rivate  R esearch U niversity
□ P ublic (S tate/G overnm ent) U niversity  
a  C om m unity  College
a M ilitary  
a L iberal a rts  
a T echnical C ollege 
a O ther

17. Is y o u r d ep artm en t in  E ngineering T echnology o r E ngineering?

a E ngineering
□ E ngineering  technology

18. Do y o u r in terests lie p rim arily  in  research  o r in  teaching?

□ R esearch
a L eaning to  research 
a  E qually  research  and teaching 
a  L eaning  to  teaching 
a Teaching

19. Is y o u r teaching  influenced by any p articu la r educational theories o r 

research? W hich ones? W here d id  you  lea rn  ab o u t them ?

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



245

20. Rate the ex ten t to  w hich  you  agree o r d isagree w ith  the  follow ing

statem ents:

(l= d isagree/ 2=disagree w ith  reservations, 3=neutral, 4=agree w ith

reservations, 5=agree)

— M y schoo l/ d ep artm en t encourages m e to  try  o u t new  com puter 
technologies fo r teaching

— M y sch o o l/d ep artm en t offers incentives to use technology in  teaching 
(such as ex tra  fu n d in g , course o r softw are developm ent tim e, etc.)

— M y sch o o l/d ep artm en t expects m e to  use specific technologies in  the 
classroom

— M y sch o o l/d ep artm en t offers sum m er fund ing  to  w o rk  o n  curricu lum  
developm ent

— M y sch o o l/d ep artm en t offers technical assistance for u sin g  technology in  
the classroom  (such as technical expertise or training)

— M y sch o o l/d ep artm en t offers release tim e from  teaching  for curricu lum  
developm ent

— C ourse evaluations influence m y decisions to change how  I teach

— M y sch o o l/d ep artm en t discusses m y course evaluations w ith  m e

— M y schoo l/ d ep artm en t offers constructive feedback to  help  im prove m y 
teaching

— Teaching is im p o rtan t in  tenure decisions

— G ood teaching  is rew ard ed  by  m y departm en t
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21. Do you  have tenure?

a  yes 
a  no
a  N /A  (no t applicable)

22. Do you  have experience w orking as a n  eng ineer in  industry?

a  yes, num ber o f years: 
a  no

T hank you  for your in p u t If you  have an y  com m ents abo u t th is su rvey  please 

en ter them  below :
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IL List o f Schools

A labam a A&M 
A lfred  U niversity  
A rizona State U niversity  
A u b u rn  U niversity  
B ingham ton U niversity  
B luefield 
B oston U niversity  
B radley U niversity  
B righam  Young 
B row n 
B ucknell
C al S tate Los A ngelos 
C al S tate U niversity: C hico 
C al S tate U niversity: F resno 
C al S tate U niversity: L ong Beach 
C al S tate U niversity: Pom ona 
C al State: N orth ridge 
C al State: Sacram ento 
C alifo rn ia  In s t o f T echnology 
C alPoly
C arnegie M ellon 
C ase W estern 
C atholic U niversity  
C edarv ille
C en tra l C onnecticut U niversity
C en tra l W ashington U niversity
C hristian  B rothers
C ity  U niversity  o f NY
C larkson
C lem son
C leveland State U niversity  
C olorado State U niversity  
C olum bia 
C ooper U nion

D elta C ollege
D rexel
D uke
E astern  W ashington 
Erie C om m unity C ollege 
F arleigh
F lorida A tlantic U
F lorida Institu te  of Technology
F lorida In ternational U niversity
F lo rida State
G annon
G eorge W ashington U niversity
G eorgia Tech
H arvey  M udd
H ofstra
H ow ard
Illinois In s t o f Tech
In d ian a  Institu te  of Technology
In d ian a  U niversity - P u rdue School
o f E ngineering & Technology
Iow a State
Johns H opkins
K ansas
K ansas State
L akeland com m unity College
L am ar
L ayfayette
L ehigh
L ouisianna State 
L ouisianna Tech 
Loyolla M arym ount 
M anhattan  College 
M ankato State, M innesota 
M arquette U niversity
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M etropolitain  State C ollege o f 
D enver
M ichigan State
M ichigan Technological In stitu te  
M ilw aukee School of E ngineering 
M ississippi State U niversity  
MIT
M ontana State 
M ontana S tate Bozem an 
N aval P ostg raduate  School 
NC State
N ew  Jersey  Institu te  o f Technology 
N ew  M exico State 
N ew  M exico Tech 
N orth  C aro lina  State 
N ortheastern
N orthern  A rizona U niversity
N orthern  Illinois
N orw ich U niversity
O akland U niversity
O hio N o rth ern  U niversity
O hio S tate
O hio U niversity
O klahom a State
O ld D om inion U niversity
O regon S tate
Penn S tate
Penn S tate - B ehrend
Polytechnic U niversity
P ortland  S tate U niversity
Prairie V iew  A&M U niversity
Princeton
P urdue
P urdue C alum et 
P u rdue Tech
P urdue U niversity  N orth  C entral 
R ensallier

Rice
R ocherster In stitu te  o f Technology
R ose-H ulm an
R ow an U niversity
R utgers
Saginaw  V alley State
San D iego State
San Francisco State
San Jose State
Santa C lara U niversity
Seattle U niversity
S ou th  D akota School o f M ines and
T echnology
S outhern  Illinois C arbondale 
S ou thern  Illinois E dw ardsville 
S ou thern  Illinois-C arbondale 
S ou thern  M ethodist 
S ou thern  Polytech 
S ou thern  U niversity  and  A & M  
S t  L ouis U niversity  
S tanford
State Technical Institu te  a t
M em phis
SUNY Buffalo
SUNY Farm ingdale
SUNY M orrisville
SUNY stoneybrook
Syracuse
T em ple
Tennessee State N ashville
Tennessee Technological Institute
Texas A&M
Texas Tech
T ufts
T ulane
T uskeegee
U nion
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U niversity  o f A kron 
U niversity  o f A labam a 
U niversity  o f A labam a B irm ingham  
U niversity  o f A labam a H untsv ille  
U niversity  o f A laska Fairbanks 
U niversity  o f arizona 
U niversity  o f arkansas 
U niversity  o f C alifornia, Berkeley 
U niversity  o f C alifornia, D avis 
U niversity  o f C alifornia, irv ine 
U niversity  o f C alifornia, los angeles 
U niversity  o f C alifornia, san  diego 
U niversity  o f C alifornia, san ta 
b arbara
U niversity  o f C entral F lorida 
U niversity  o f C incinnati 
U niversity  o f C olorado, Bolder 
U niversity  o f C olorado, D enver 
U niversity  o f C onnecticut 
U niversity  of D ayton 
U niversity  o f D ayton 
U niversity  o f D enver 
U niversity  o f E vansville 
U niversity  of F lorida 
U niversity  o f H artfo rd  
U niversity  of H aw aii, M anoa 
U niversity  of H oU niversityston 
U niversity  o f houston  
U niversity  o f Idaho 
U niversity  o f Illinois- C hicago 
U niversity  o f Illinois- U rbana 
U niversity  o f Iow a 
U niversity  o f K ansas 
U niversity  o f K entucky 
U niversity  o f Louiville 
U niversity  o f M aine 
U niversity  o f M aine
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U niversity of M aryland Baltim ore 
C ounty
U niversity of M aryland, College 
Park
U niversity of M assachusetts 
A m herst
U niversity of M assachusetts 
D artm outh
U niversity of M assachusetts Low ell 
U niversity o f M em phis 
U niversity o f M iam i 
U niversity of M ichigan 
U niversity of M ichigan D earborn 
U niversity of M innesota 
U niversity of M ississippi 
U niversity of M issouri - Colum bia 
U niversity of M issouri - Rolla 
U niversity of N ebraska - Lincoln 
U niversity of N evada - Las Vegas 
U niversity of N evada - Reno 
U niversity of N ew  H am pshire 
U niversity of N ew  H aven 
U niversity of N ew  Mexico 
U niversity of N ew  O rleans 
U niversity of N orth  Dakota 
U niversity of N otre Dam e 
U niversity of O aklahom a 
U niversity of Pennsylvania 
U niversity of P ittsburgh 
U niversity  of Rhode Island 
U niversity of Rochester 
U niversity of South C arolina 
U niversity of South Florida 
U niversity of Southern A labam a 
U niversity of Southern C alifornia 
U niversity of Southern Colorado 
U niversity of Southern M ississippi
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U niversity  o f S outhw estern  
Louisianna
U niversity  of Tennessee - K noxville 
U niversity  o f Texas - A rling ton  
U niversity  o f Texas - A ustin  
U niversity  of Texas - El Paso 
U niversity o f Texas - San A ntonio 
U niversity  o f Texas P an  A m erican 
U niversity  o f the Pacific 
U niversity  o f Toledo 
U niversity  o f T ulsa 
U niversity  of U tah  
U niversity  of V erm ont 
U niversity  o f V irginia 
U niversity  o f W ashington 
U niversity  o f W isconsin - M adison 
U niversity  o f W isconsin - 
M ilw aukee
U niversity  of W isconsin - 
P latteville
U niversity  of W yom ing 
US A irforce A cadem y 
US C oast G uard
US M ilitary A cadem y a t W est P oin t
U tah State U niversity
V alparasio
V anderbilt
V illanova
V irginia M ilitary In stitu te  
V irginia State U niversity  
V irginia Tech 
W ashington State 
W ashington U niversity  
W ayne State 
W eber
W entw orth Institu te  of Technology 
W est V irginia U niversity
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W estern K entucky U niversity  
W estern M ichigan 
W ilkes
W itchita S tate 
W orcester Polytech 
W right S tate 
Yale
Y oungstow n

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



APPENDIX C

N U  CYCLEPAD HOM EW ORK PROBLEMS: 

THERM ODYNAM ICS I I 1998

In stru c tio n s to  S tu d en ts

S u b m ittin g  H om ew ork

H om ew ork can  on ly  be su b m itted  v ia e-m ail (no p rin to u ts, no d iskettes). 
C yclePad has a b u ilt in  e-m ail facility as described  below . This is very  easy  to 
use , th e  only th in g  to  rem em ber is to  u se  th e  D esig n  N otes u n d e r the E d it 
m en u  to  answ er tex t-based  questions.

C yclePad problem s can  be subm itted  electronically  d irectly  th ro u g h  the 
p rog ram . O nce you  h av e com pleted  a  d esig n  choose E -m ail C oach from  the 
H e lp  m enu. E nter y o u r re tu rn  e-m ail ad d ress an d  an  ap p ro p ria te  subject line 
("p rob lem  1"). A ll d esig n  no tes w ill be au tom atically  included in  the e-m ail. 
T he " to "  field sh o u ld  read  robota@ cs.nw u.edu.

T he firs t hom ew ork is d u e  by O ctober 28th. You can  subm it ind iv idual 
p rob lem s as you fin ish  them .

T he second hom ew ork is d u e  N ov 13th.

G e ttin g  H elp

T he TA  for C yclePad problem s is M ike B rokow ski. Y ou can reach  him  via e- 
m ail a t robota@ cs.nw u.edu. Y ou m ay w an t to  e-m ail th e  design  you are  
h av in g  problem s w ith . To d o  th is choose E -m ail C oach from  the H elp  m enu. 
Y ou can  type your q u estio n  in  the  com m ent w indow  of the e-m ail dialog. 
C lick the  rad io  b u tto n  fo r "I need  help fin ish ing  th is analysis" o r "I need  help  
w ith  th is con trad iction ."
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C lick the rad io  bu tton  fo r "I need  help  fin ish ing  th is analysis" o r " I need  help  
w ith  th is contradiction."

You can also try  ou r au tom ated  design  coach by e-m ailing designs and  
selecting "H ow  do I < increase> the Cycle <Param eter>"

Softw are

C yclePad is available in  d ie lab  a t MG45. Y ou can also dow nload  your ow n 
copy a t

h t tp : / /  w w w .q rg .ils .n w u .ed u / so ftw are / softw are.htm

T his softw are runs b est u n d er W indow s 95 o r W indow s NT. It w ill also 
operate  u n d er W indow s 3.1 o r W indow s fo r W orkgroups, if you  have 
M icrosoft W in32s extensions, version 1.30 o r higher. C yclePad requ ires a 
m inim um  of 12B. RAM b u t w orks better w ith  16B. RAM o r m ore. A lthough 
C yclePad w ill n m  on  a  486 CPU, w e recom m end a  90M hz P entium  o r faster 
fo r satisfactory perform ance. A com plete installation  requ ires approxim ately  
10B. o f h a rd  d isk  space.
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Homework #1 due Oct 28th

Problem 1.1 Turboiets for Cars

You are Director o f New Engine Development for the Fjord Motor Car Company, and 
the CEO has ju s t g iven  you a  m andate to develop  a  no-hold s-barred  sports car. 
M issam  M otors has ju st in troduced the A naconda, a  m id-engine design  b u ilt 
a ro u n d  die M edusa, a  sixteen cylinder eng ine w ith  e igh t turbochargers, and  
the V ice-President o f R&D for Fjord has decided  th a t die only w ay Fjord can 
top  th is is w ith  a  gas-turbine-pow ered car. The new  car, codenam ed 
F ireA rrow , needs a  specification for its engine. U nfortunately, M arketing has 
go tten  involved, and  as usual has bollixed tilings up . They w an t to m ake die 
fo llow ing claim s ab ou t the engine:

1. C om pact an d  light-w eight (enhances hand ling  characteristics)

2. M ost fuel-efficient gas-turb ine possible (appeals to  sensible side of 
buyers, enhances Fjord's rep u ta tion  fo r cutting-edge engineering)

3. A chieves super-high com pression (m akes engine sound pow erful)

Since you  have to shoehorn th is engine in to  a  spo rts car die firs t claim  clearly  
m akes sense. H ow ever, you have a  m eeting  w ith  d ie D irector o f M arketing 
n ex t w eek in  w hich you 'll have to explain  w hy  the o ther tw o claim s are 
problem atic.

To m ake your case create a  sim ple a ir stan d ard  gas-turbine cycle in  C yclePad. 
U se a  cooler to represen t die atm osphere. Since i f  s the atm osphere, choose a ir 
as the substance. A n am bient p ressure o f a ro u n d  1 bar w ill do  nicely, an d  y o u  
can assum e th a t the am bient tem perature (i.e., d ie tem perature both  o f die 
cooler an d  of the stu ff entering die com pressor) is 72°F, since Fjord expects to  
sell e ig h t o u t o f ten  Fire A rrow s in  C alifornia. U sing u ltra-prem ium  gasoline, 
you  can  achieve 1800°F in  the bum -cans o f the engine, w hich w ill h ea t die a ir 
en te ring  the tu rb ine to 1500°F. A ssum e th is eng ine w ill develop 400hpn*. 
A ssum e th a t a ll com ponents are  ideal.
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Finally , choose a  reasonable value for the p ressure ratio  across d ie  com pressor, 
say  betw een  3 and 30.

U sing the sensitivity analysis tool, determ ine d ie relationsh ip  betw een the 
com pressor's pressure ra tio  an d  (a) d ie  therm al efficiency o f th e  engine an d  (b) 
th e  req u ired  m ass-flow  (w hich w ill in  large p a rt determ ine d ie  size of the 
engine). From  this inform ation, d ecide  on  the optim al com pression ratio  for 
the com pressor.

H av ing  done so, develop a  concise, qualitative argum en t for w h y  th is is the 
op tim al com pression ra tio  an d  w h y  the M arketing D epartm en t shou ld  back 
off on  its  claim s of fuel-efficiency a n d  com pression. (Choose D esig n  N otes 
from  d ie E d it m enu an d  type y o u r response there.)

P ro b lem  1.2 P u ttin g  th e  O zo n e  B ack W here i t  B elongs

You are  th e  D irector of P ro du ct D evelopm ent for C hillem G ood, a  lead ing  
m anufactu rer of refrigerato rs. A n en trep ren eu r has approached  the D irector of 
M arketing  w ith an id ea  for m aking  a  large refrigerator (m eat locker?) th a t use 
a ll-n atu ra l, sparkling w ater in  p lace o f refrigerant-12. This en trep ren eu r claim s 
th a t such  a  refrigerator w ould  take less energy to operate. The P residen t of 
C hillem G ood w ants your evalu ation  o f the feasibility  of th is design .

S et u p  a  sim ple vapor com pression cycle using  four com ponents and  R-12 as 
its  w ork ing  fluid in  C yclePad. A ssum e th a t a ll com ponents a re  ideal. The stu ff 
in  d ie  refrigerator is to be k ep t a t 42°F, an d  am bien t room  tem peratu re  is 72°F. 
The com pressor is finicky ab o u t w e t vapor, so m ake the stu ff en terin g  it  
sa tu ra ted  w ith  a quality  o f 1. The stu ff en tering  the th ro tde is sa tu ra ted  liqu id . 
A ssum e a  Volum e flow  o f 0.25 f t? /s  fo r the a ir en tering  die refrig era to r an d  
condenser. Try an  in itia l p ressu re  ra tio  (PR) of 5 for die com pressor.

Y ou w ill also need to m ake som e assum ptions ab o u t tem perature. A ssum e 
th a t th e  refrigerator is cooling from  50F to  42F. You w ill also need  to assum e a 
tem p eratu re  for the stu ff en tering  th e  th ro td e  th a t is above room  tem peratu re. 
L ikew ise, d ie stuff ex iting  d ie th ro td e  needs to  be cooler th an  42C.
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THR1 81

S0URCE1 SS ‘ • HK1 86 SINK1 S0URCE2 87 HX2 88 SINK2

O
S3 CMP1 32

T hen, as a  separate system , se t u p  an o th er cycle using  w ater as its w ork ing  
flu id , (be su re  to  save y o u r R12 cycle!) In  th is  cycle, do n o t specify  a  phase for 
th e  s tu ff en te rin g  the th ro ttle . You m ay  also  w a n t to re tract y o u r assum ption  
a b o u t the  com pressor's p ressu re  ra tio  before sw itching  to w ater.
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A nsw er the  follow ing questions in  th e  D esig n  N otes (under the E d it m enu).

1. C om pare the m ass flow  of the tw o cycles. W hich requires m ore stuff?

2. C om pare the pressure ratios. W hich is larger?

3. H ow  m ig h t the pressure ratio  effect the  type o f com pressor needed  to  b u ild  
such a cycle?

4. C om pare how  m uch pow er is req u ired  by  the com pressor for the tw o
cycles.

R em em ber to  e-m ail b o th  cycles!!!

H in ts:

* The m -d o t m ay be V ery* sm all for som e w orking  fluids, b u t still n o t be zero. 
U nfortunately , in  attem pting  to keep the  m eter w indow s clean, CyclePad 
rounds th ing s after a  few  d ig its for d isp lay . If m -d o t looks like zero, b u t you 
are n o t ge ttin g  an  erro r, then  click o n  th e  num ber and  choose "Show fu ll 
precision..." to see the actual value.

* The a ir volum e flow  rate  cannot be th e  sam e both  before and  after the 
isobaric h e a t exchangers, o therw ise the  tem peratu re  w on 't change an d  you 
have zero  h e a t transfer.

* The p ressu re  of the a ir (both  the cooled a ir and  the cooling air) is 
atm ospheric. W e are  ju st u sing  a fan  o r som ething  to blow  a ir over the 
condenser o r evaporator coils in  the  h e a t exchangers, so ifs  a t atm ospheric 
p ressure.
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CyclePad D esign Homework #2

The u n iversity  is considering bu ild ing  its ow n  sm all pow er p la n t to  defray  the 
increasing  cost o f electricity from  the local u tility  and  you  are  d o ing  a  
p relim in ary  feasibility stu d y . Your cu rren t ro u g h  design  is based o n  an  a ir 
s tan d ard  cycle w ith  a ir as its  w orking flu id , b u t som e m uckraker has to ld  yo u r 
boss th a t i t  gets less th an  5 MW o u t of the 10 M W  of h e a t in p u t, an d  now  he 
w o nd ers if a  better design  could  g e t d ie efficiency over 5.5 MW?

U se C yclePad to either m odify  a  typical a ir s tan d ard  cycle design  (like the 
B rayton Cycle in  C ydeP ad 's library) or d esig n  a  new  cycle en tirely  to  m eet (or 
beat) th is new  efficiency goal. You m ay have to  be clever: you p robab ly  can 't 
g e t there  by  ju s t tw eaking num bers in  th e  s tan d ard  cycle; you  w ill have to  
change cycle topology in  B uild M ode. A d d in g  secondary  cycles is fine.

P roblem  C onstraints:

•  A vailable w orking flu ids are a ir an d  w ater.

•  10 MW  of total ex ternal h eat is availab le a t  no h igher th an  600 deg. C.

•  W orking flu ids m ay be cooled d o w n  to  40 deg. C.

•  C om pressors and  tu rb ines can h and le  p ressu re  ratios up  to  10. Pum ps 
up

•  to 20.

•  N o sa tu rated  tu rb ine o u tle t state can  h av e  q uality  low er th an  90%.

•  N o m ore than  three tu rb ines m ay be u sed .

•  W ork elem ents are isentropic an d  ad iabatic; h ea t elem ents are isobaric. 

Q uestions
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D escribe to  the un iversity , in  laym an 's term s, h o w  and  w hy  the fea tu res o f 
y o u r cycle enable the system  to be m ore efficient.

E nter y o u r descrip tion  in  design  notes (u nd er th e  "E dit" m enu).
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PROBLEMS OMITTED FROM 1997

M aking Sure it's not the H eat, but the Hum idity...

You have been  charged w ith  the  construction o f a  new  pow er p la n t to 

su p p ly  100MW of baseload p o w er to  Ecoaw areville, M ontana. The Ecoaw e 

riv er is rea lly  n o t m uch m ore th a n  a  stream , and d u rin g  tim es o f d ry  w eather, 

its flow  can  decline to as low  as 50,000 lb s/sec . H ow ever, ifs  the on ly  source 

o f cooling available for your p o w er p lan t, so a site o n  the river has been 

selected an d  approved  by  the to w n  council. Your job is to construct a  vapor 

pow er cycle. The b est tu rb ine availab le  has a shaft pow er of 100 MW , a 

m axim um  in le t tem perature o f 1000°F an d  m axim um  in le t p ressure o f 1200psi. 

The Ecoaw e is fed  by m ountain  runoff, so i t  never rises above 59°F, w hich 

m akes i t  an  ideal h ab ita t for d ie  ra re  back-flipping tro u t A dow nstream  

tem peratu re rise  o f m ore th an  4.0°F (i.e. a  tem perature over 63F) w ill endanger 

th is tro u t, an d  the citizens of E coaw are w ill be sw ift to  dem and your h ead  on  

a  p latter. P ast experience has also  show n th a t algae bloom s occur if die 

d ischarged  cooling w ater is g rea te r th an  75°F. (A ssum e atm ospheric p ressu re
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for th e  river). The w ater a t the tu rb ine o u tle t m u st be a t least 90% vapor to 

avoid  tu rb in e  dam age.

Set u p  a  sim ple vapor cycle th a t uses a  heat-exchanger as its condenser. 

M odel th e  riv er u sing  a source and  a  sink  an d  use a  sp litter and  d irec t a  flow  

of cooling  w ater through  the heat-exchanger. You w ill need to specify th a t the 

flow  fraction  o f th e  stu ff exiting the source is 1.
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R eport o n  th e  h ighest th erm al an d  C arno t efficiency you  can  achieve g iven  

die above constrain ts and  o n  d ie  relationship  betw een the  tu rb in e  o u d e t 

p ressu re an d  its w aste h e a t discharge.

H ints:

* The w ork ing  flu id  ex iting  d ie h ea t exchanger shou ld  be a  sa tu rated  

liq u id , ju s t as i t  w ou ld  for a  R ankine cycle.

* You can 't se t die tem peratu re  bo th  a t S7 an d  S8 . You have to do  S7, then  

m ake sure S8 isn 't exceeded afterw ards.

* It's easiest to  se t P a t the tu rb ine  oudet, then  check th a t d ie q uality  spec is 

m e t You can  on ly  do  sensitiv ity  analyses w ith  assum ed values as the 

in d ep en d en t varab les, and  y ou  probably  w an t to  do  one o f those w ith  P as the 

in d ep en d en t variab le.
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P ow er from  th e  O cean

You are die C hief E ngineer for W arza, Inc, a  m ajor b u ild er o f p o w er p lan ts, 

an d  die C ity of San D iego has asked  y o u  to  investigate the feasib ility  o f 

b u ild in g  a O cean T herm al E nergy pow er p lan t. The Pacific off the S an  D iego 

coast has a  surface tem peratu re  o f 27°C an d  a tem peratu re a t a  d ep th  o f 600 ft 

o f 5°C. The p lan t shou ld  generate  100MW  o f pow er. A ssum e th a t y o u  need  a t 

least a  3°C difference fo r reasonable h e a t transfer rates betw een the sea  w ater 

an d  the w orking flu id .

U sing a  sim ple vapor pow er cycle (ie, only  use four com ponents, a  heater, 

a  tu rb in e , a  cooler, and  a  pum p), investigate  a t least tw o d ifferen t w ork ing  

flu id s (R12, R134a, R22 o r am m onia).

H ints:

* A t the tu rb ine in le t, the stu ff sh o u ld  be sa tu ra ted  vapor.

* Pick a  tu rb ine o u d e t tem pera tu re  such th a t T is a  litde  b it larg er th an  8C. 

To do  th is you can  assum e a  T o f 8C  to determ ine w h a t the sa tu ration  pressure
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is for th a t tem peratu re (P-sat). You w ill w an t to use a  p ressu re  sligh tly  g reater 

than  P -sat @ 8C.

* You m ay need  to equate the outlet-T  o f the pum p w ith  the inlet-T . (This is 

a bug  w ith  the lookup feature).

* Rem em ber th a t the *ocean* is a t 5 an d  27 degrees C, d ie w ork ing  flu id  

only  gets w ith in  3 degrees o f these extrem es.

* This p roblem  tem pts you  to d raw  several cycles in  the sam e design  and 

do  a ll o f the w ork ing  flu ids in  the sam e place. D on't do  i t  U se a  separate 

design  file for each w orking  flu id . (You can ju st change d ie w ork ing  flu id  and 

save it u n d er a  d ifferen t nam e.)

A nsw er these questions in  the D esign Notes:

1. M ake a case for a  particu lar substance, taking in to  consideration  the size of 

the equ ipm ent requ ired  an d  the po ten tial environm ental d ang er i t  w ould  

pose.
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2. W hat is the requ ired  m ass flow  for each substance? C om pare th is to  the 

stan dard  R ankine cycle (from  th e  C ydeP ad  lib rary).

3. A lso com pare the efficiencies w ith  the standard  Rankine cycle. H ow  an d  

w hy do  they differ?

Remember to em ail both cycles!!!
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APPENDIX D

N U  CYCLEPAD HOM EW ORK ASSIGNM ENTS: 

THERM ODYNAM ICS I

C hap ter 2

P rob lem  C P I (b ased  o n  2-46)

A rig id  tank  w ith  a  volum e o f 2.5m 3 contains 5kg of sa tu ra ted  liquid-vapor 
m ix tu re of w ater a t 75°C. N ow  th e  w ater is slow ly h eated .

D eterm ine the tem p era tu re  a t w hich  the  liqu id  in  th e  tan k  is com pletely 
vaporized .

H ow  d id  C yclePad a rriv e  a t the v a lu e  of 104.7°C fo r T2?

W hat key assum ption  (th a t you m ade) allow ed C yclePad to  determ ine the 
final specific volum e (v)?

D raw  a P-v d iag ram  fo r th is process.

N ow  change the h eatin g  process to  a  constan t-p ressure  process.

C ould  th is process take place in  a rig id  tank? W hy o r w h y  not?

D raw  a  P-v d iag ram  fo r th is second process.

P rob lem  CP2 (b ased  o n  2-69)

The p ressu re  in  an  autom obile tire  depends o n  th e  tem p era tu re  o f the a ir in  
the tire. W hen th e  a ir tem p era tu re  is 25°C, the p ressu re  gage read s 210 kPa.

If th e  volum e of th e  tire  is 0.025 m 3, determ ine th e  p ressu re  rise  in  the tire 
w hen  the a ir tem p era tu re  in  the tire  rises 50°C.

265
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If the volum e o f th e  tire  is 0.025 m3, determ ine the p ressu re  rise  in  the tire 
w hen d ie a ir tem p era tu re  in  the tire  rises 50°C.

Also, determ ine th e  am o u n t o f a ir th a t m ust be b led  o ff to  resto re pressure to 
its o rig inal value a t  th is tem peratu re . A ssum e the atm ospheric  pressure to be 
100 kPa.

H ow  is C yclePad ab le  to  calculate the pressure w hen  T is 50°C ?

C hapter 3

Problem  CP3 (based  o n  3-35E)

A frictionless p iston -cy linder device in itially  contains 12 lbm  of superheated 
w ater vapor a t 60 p sia  an d  500°F. Steam  is now  cooled a t co n stan t pressure 
un til 70 percen t o f it, by  m ass, condenses.

D eterm ine the w o rk  done d u rin g  th is process.

(H ow  m uch w ork  w o u ld  have been done if th is process w as isochoric? W hy? - 
— bug  in  Cp d o e sn 't w ork  yet, try  again  once w e fix the bug)

W hat form ula w o u ld  y o u  use if you  w ere to solve th is p rob lem  by hand?
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Problem  CP4 (based  on  3-46)

A piston-cylinder dev ice w ith  a  se t of stops contains 10 kg  o f refrigeran t 134a. 
Initially, 8 kg o f the refrig eran t is in  the liq u id  form , a n d  the tem perature is -  
8°C. N ow  h ea t is tran sferred  slow ly to d ie  refrigeran t u n til d ie piston h its die 
stops, a t w hich p o in t the volum e is 400 L.

D eterm ine die tem pera tu re  w hen  the p isto n  firs t h its the  stops. H in t pick final 
phase saturated .

Explain d ie tem p era tu re  difference betw een d ie s ta rt a n d  stop.

D eterm ine die w ork  done d u rin g  th is process.

Show the process o n  a  P-v d iagram

Use sensitiv ity  analysis to  exam ine the relationsh ip  betw een  the T a t the o u tie t 
and  the o u tie t volum e. (Bug rig h t now: n eed  to fix th is feature)

C hapter 4

P roblem  CP5 (based  on  4-30)

Steam  enters an  ad iab atic  tu rb ine a t lOM Pa an d  400°C an d  leaves a t 20kPa 
w ith  a quality  of 90 p e rc e n t

N eglecting the changes in  kinetic and  po ten tial energies, determ ine the m ass 
flow  rate requ ired  fo r a  pow er o u tp u t of 5 MW.

H ow  does die req u ired  m ass flow  change if  w e alter d ie  d ryness a t the oudet? 
W hy? (h in t do  a  sensitiv ity  plot)

P roblem  CP6 (based on  4-58)

R efrigerant 134a a t 800 kPa, 70°C, and 8 k g /m in  is cooled by  w ater in  a 
condenser u n til i t  ex its as a sa tu rated  liqu id  a t die sam e pressure. The cooling 
w ater enters d ie  condenser a t 300 kPa and  15°C and leaves a t 30°C a t the sam e 
pressure.
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D eterm ine th e  m ass flow  rate  o f the cooling w ater req u ired  to  cool the 
re frig eran t

W here does th e  F irst Law  apply  to th is problem ? (h in t look in  subcycle A  and 
B u nder the C ycle P roperties m enu o r look a t the H eat E xchanger properties)

P roblem  C P7 (based on  4-16)

You w ill n eed  to  m ake su re CyclePad is considering  velocity  to  do  th is 
problem . Do th is  in  the E d it □ Preferences m enu u n d er the "A dvanced" 
settings.

Steam  a t 3 M Pa an d  400°C enters an  ad iabatic  nozzle (th ro ttle) stead ily  a t 40 
m /s  an d  exits a t 2.5 M Pa an d  300 m /s .

D eterm ine th e  ex it tem perature.

The ratio  of in le t to  o u tle t areas. (H in t assum e o u tle t a rea  = 1 m 2)

Do the sam e p rob lem  w ith  a ir as the w ork ing  flu id . W hat does the d ifferen t 
ou tlet tem p era tu re  o f a ir tell u s abou t the h e a t capacity  o f a ir com pared to th a t 
of steam ?

C hapter 5

no problem s fo r C hapter 5 

C hapter 6

Problem  CP8 (based on  6-31)

1 k g / s o f refrigerant-134a enters die coils o f the evaporato r o f a  refrigeration  
system  as a sa tu ra ted  liqu id-vapor m ixture a t a  p ressu re  o f 200 kPa. The 
refrigeran t absorbs 120 kW  of h ea t from  the cooled space, w hich is m aintained 
a t -5°C, and  leaves as sa tu rated  vapor a t th e  sam e pressure.

H in t This system  can  be m odeled as a  heater.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



269

Do th is p rob lem  u sin g  the assignm ent fea tu re  o f CyclePad. This assignm ent 
w ill be called  CP8.PRB an d  can  be opened u sin g  th e  "O pen A ssignm ent 
Problem " o f the o pen  d ialog  o r by going to  th e  A ssignm ents m enu b ar item  
a n d  choosing "O pen A ssignm ent Problem ". The file  an d  fu rth er instructions 
can  be do w n lo ad ed  from  die w eb a t
h ttp : / /w w rw .q rg .ils .n w u .ed u / so ftw are / cydepad/M E -B 20.h tm  

D eterm ine the  to ta l en tro p y  change of the re frig e ra n t 

D eterm ine the to ta l en trop y  change of the cooled  space.

ANS: -.4475 k J/K  for env ironm ent

D eterm ine the  to ta l en tro p y  generation for th is  process.
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